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SUMMARY
As in o ther  ruminants,  the t ransmission of  passive  immunity 
from cow to  c a l f  occurs v ia  the colostrum in the period immediately  
a f t e r  b i r t h .  However, work which had been c a r r i e d  out in the  
Department o f  Medic ine  o f  the U n i v e r s i t y  o f  Glasgow V e t e r in a r y  School 
had shown th a t  many calves  passing through markets in the west of  
Scotland were hypogammaglobul inaemic and th a t  as many as o n e - t h i r d  of  
these hypogammaglobulinaemic calves  were l i k e l y  to d ie  from e i t h e r  
c o l is e p t ic a e m ia  or the e f f e c t s  o f  severe neonatal  d ia r rh o e a .  S tudies  
in the second decade of t h i s  century  had shown th a t  death was almost  
the i n e v i t a b l e  sequel to  colostrum d e p r i v a t i o n ,  but as few farmers  
d e l i b e r a t e l y  depr ive  calves  o f  colostrum, in v e s t ig a t io n s  were 
i n s t i t u t e d  in to  the  absorpt ion  of  c o lo s t r a l  gammaglobulins.  i t  was 
shown t h a t  the  absorpt ion  o f  the c o lo s t ra l  gammaglobulins was r e la t e d  
to  the t ime of  f i r s t  feed in g  and to  the concentra t ion  o f  gammaglobulins 
o f  the colostrum; any de lay  in feeding colostrum would decrease  
a bsorpt ion  of  the gammaglobulins,  and t h a t  absorpt ion  had ceased by 
1 8 ,5  hours a f t e r  b i r t h ;  the  absorp t ion  of  c o lo s t ra l  gammaglobulins 
was d i r e c t l y  propor t iona l  to  the  gammaglobulin c o ncentra t ion  o f  the  
colost rum. The present study was undertaken to  examine systems of  
e a r l y  p o s t -n a ta l  management which would r e s u l t  in the  a c q u i s i t i o n  o f  
high serum c oncentra t ions  o f  m a t e r n a l l y - d e r iv e d  immunoglobulins and to  
examine the e f f e c t  on the incidence o f  disease and growth ra tes  during  
th e  f i r s t  four  weeks o f  l i f e .
Calves were a s s is t e d  to  suckle colostrum to  s a t i a t i o n  as
e a r l y  as poss ib le  a f t e r  b i r t h .  No d i f f i c u l t y  was encountered
encouraging ca lves  to  ingest a cons iderab le  weight of  colostrum w i t h i n
an hour o f  b i r t h .  The q u a n t i t y  of  colostrum v a r i e d ,  but was on
average j u s t  over seven per cent o f  the c a lv e s '  b i r t h  w e ig h t .  For
25 c a lv es ,  t h i s  in t e n s iv e ,  immediate post-partum management regime
re s u l te d  in the high serum conce n tra t io n s  o f  absorbed immunoglobulins
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w i th  a mean o f  27 .24  -  6 .1 0  ZST u n i t s .  No s i g n i f i c a n t  increase  was 
obta ined in the serum concentra t ions  of  absorbed immunoglobulins by
p e r m i t t in g  calves  which had been fed to  s a t i a t i o n  immediately a f t e r
b i r t h  to  remain w i th  t h e i r  mothers f o r  the f i r s t  tw e lve  hours o f  l i f e  
and encouraging them to  suckle again  a t  tv/elve hours post-partum.
x v i i i
This  regime o f  e a r l y ,  a s s is te d  suckl ing was extended to  100 
calves  and i t  was shown t h a t  a small p rop o r t io n  of  calves  ( less  than 
5%) may remain s eve re ly  hypogammaglobulinaemic d e s p i te  ingest ing  an 
adequate q u a n t i ty  o f  colostrum.  The ingest ion  of  colostrum w i th  very  
low whey immunoglobulin c oncentra t ions  was responsib le  f o r  t h i s  serum 
immunoglobulin d e f i c i e n c y .  In the present study,  loss of  mammary 
s ec re t io n s  p r i o r  to  p a r t u r i t i o n  was the major cause o f  the low 
immunoglobulin c o n ce n t ra t io n  o f  the colostrum.  The breeds of  the  
calves  which were used in t h i s  were predominant ly A y r s h i r e ,  F r i e s i a n ,  
or crosses between these two breeds,  and r e f l e c t e d  the  main type and 
breeds of  c a t t l e  in the west o f  Scot land.  Using the  data f o r  the  
100 calves  a s s is te d  to  suckle to  s a t i a t i o n  immediately a f t e r  b i r t h  
th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in the absorpt ion  o f  c o lo s t r a l  
immunoglobulins between the d i f f e r e n t  breeds and crosses.  A small  
survey o f  calves  passing through local  markets revea led  th a t  over 40 
per cent o f  the  calves  were s e ve re ly  hypogammaglobulinaemic, a 
p ropor t ion  s i m i l a r  to  t h a t  found in previous surveys.
Examination o f  the incidence o f  d iarrhoea  in c a lv e s ,  reared  
in groups o f  nine to  f i f t e e n ,  revea led  th a t  the incidence of  d ia rrhoea  
was h ighest during  the second week o f  l i f e .  No s i g n i f i c a n t  
c o r r e l a t i o n  could be demonstrated between the incidence o f  d ia rrho ea  
during the f i r s t  four  weeks o f  l i f e  and the l i v e w e ig h t  gain over th a t  
per iod  in seven o f  the e ig h t  groups o f  calves  examined. Fur thermore,  
th e re  was no s i g n i f i c a n t  c o r r e l a t i o n  between the incidence o f  d ia rrhoea  
during the f i r s t  four  weeks o f  l i f e  and the  serum concentra t ions  o f  
absorbed immunoglobulins a t  48 hours o f  age.
E ight  o f  the 146 group-reared  calves d ie d ;  th ree  in d iv id u a l  
calves  and f i v e  c a lv e s ,  in the same group, o f  s a lm o n e l lo s is .  The th re e  
in d iv id u a l  calves  which died were a l l  s evere ly  hypogammaglobulinaemic 
(serum immunoglobulin concentra t ions  o f  less than 10 ZST u n i t s ) ;  one 
c a l f  died of  a severe n e c r o t i z i n g  pneumonia a t  f i v e  days of  age; one 
c a l f  died when only  36 hours o ld  from the e f f e c t s  o f  very severe  
d ia r r h o e a ;  the t h i r d  c a l f ,  which had been i n t e r m i t t e n t l y  p ro fu se ly  
d i a r r h o e i c  from f i v e  days o ld  died a t  41 days of  age.  In one group 
o f  15 c a lv e s ,  an outbreak  of  Salmonella e n t e r i t i d i s  i n f e c t i o n  occurred .  
The organism was recovered from a l l  15 calves  a t  some t ime during the  
o u tbrea k ,  e i t h e r  from blood or r e c t a l  swabs. F ive  o f  the  15 calves
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d ie d ;  the youngest c a l f  was only ten days old and the o ld e s t  35 days
o l d .  The outs tanding c l i n i c a l  fe a tu re s  o f  t h i s  outbreak  were p y r e x ia ,
inappetence,  du l lness  and l e t h a r g y  and w eig h t -1 o ss .  Examination o f  
rec ta l -sw abs  taken tw ice  weekly revea led  t h a t  the  ten  s u rv iv in g  calves  
r a p id ly  c lea red  themselves o f  i n f e c t i o n .
The behaviour  pa t te rn s  of  one o f  the groups o f  calves  which 
had f r e e  access t o  an automat ic  c a l f - f e e d e r  were s tu d ie d .  These 
s tud ies  revealed t h a t  ca lves  w i th  f r e e  access to  an automatic  c a l f -  
feeder  consume much more m i l k - s u b s t 1t u t e  than is normally  o f f e r e d  under 
the  t r a d i t i o n a l  twice d a i l y  buc ke t - feed in g  systems w i th  in d iv id u a l  
calves  consuming as much as 16 l i t r e s  per 24 hours.  A h ig h ly  
s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was found to  e x i s t  between the mean 
d a i l y  consumption o f  m i lk  and the l i v e w e ig h t  g a in .
The absorp t ion  o f  in d iv id u a l  c o lo s t r a l  immunoglobulins,
Ig G p  IgG^, IgM and IgA, t h e i r  appearance in the  lachrymal f l u i d  and
the  subsequent changes dur ing the  f i r s t  ten weeks o f  l i f e  were s tud ied  
in ten c a lv e s .  Very rap id  absorp t ion  o f  c o lo s t ra l  IgG  ^ occurs when 
colostrum is fed soon a f t e r  b i r t h  and s i g n i f i c a n t  conce n tra t io n s  o f  
IgG^ were detected  in the  serum two hours a f t e r  feeding colostrum  
( th re e  hours p o s t -p a r tu m ) .  The absorbed IgG  ^ is q u ic k ly  t r a n s f e r r e d  
from the i n t r a v a s c u la r  compartment t o  the lachrymal s e c re t ions  and 
appears to  prov ide  immunological p ro te c t io n  u n t i l  the  local  
immunological c e l l s  begin to  synthes ise  IgA a t  two t o  th ree  weeks o f  
age,  by which t ime i t  exceeded the concentra t ions  o f  both IgG  ^ and IgM. 
The absorbed c o lo s t ra l  IgA was only poorly  t r a n s f e r r e d  to the lachrymal  
f l u i d .  The concentra t ions  o f  lgG2 in colostrum are  extremely  low 
and t h i s  was r e f l e c t e d ‘ in the  low c oncentra t ions  of  t h i s  immunoglobulin 
in the  serum of  the c a lv es .  Throughout the f i r s t  ten weeks o f  l i f e  
the co n ce n tra t io n  o f  IgGg remained q u i t e  low.
As a r e s u l t  o f  t h i s  in v e s t ig a t io n  i t  has been shown t h a t  I t  
is  poss ib le  to  o b ta in  high concentra t ions  o f  pas s iv e ly  t r a n s f e r r e d  
immunity in the  newborn c a l f  by managemental means in a t  l e a s t  95 per  
cent o f  c a lv e s ,  and t h a t  th e  absorbed c o lo s t r a l  IgG^ is r a p id ly  
t r a n s f e r r e d  to  a t  l e a s t  one mucous su r face .
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GENERAL INTRODUCTION AND REVIEW OF THE LITERATURE
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The c l i n i c a l  syndrome o f  profuse ,  watery  d ia rrhoea  in the  
neonatal  c a l f  which f r e q u e n t l y  r e s u l t s  in death has been recognised  
f o r  ne a r ly  two c e n t u r ie s .  The f i r s t  d e s c r ip t io n  o f  the  disease  
appeared in " A r t i s  V e t e r i n a r i a e  Compendium Pathologicum" in 1799 and 
is a t t r i b u t e d  to  Toi nay (Jensen, 1893 ) .  Knowl son (1834) discussed  
the  White  Flux and the  Bloody F lux  which occurred in calves  and which 
was reputed to  cause the  death o f  approximate ly  25 per cent of  a l l  
c a lv e s .  Both cond i t io n s  were much more severe in ca lves  which were 
purchased a t  seven to  ten days of  age.  In order  to  reduce those  
losses Knowl.son advised farmers to  avoid purchasing young calves  but 
i f  t h i s  was necessary t h a t  they u p l i f t  the calves  in t h e i r  own 
t r a n s p o r t .  In the f i r s t  h a l f  o f  the n ine teenth  century  unfavourable  
c l i m a t i c  c ond i t ions  and improper d i e t  were considered important  
c o n t r ib u t o r y  fa c t o r s  t o  the  d isease .  Dobson (1872) proposed th a t  
w h i te -s co u r  was a d i r e c t  r e s u l t  o f  d e p r iv in g  calves  o f  colostrum,  
although a t t r i b u t i n g  the b e n e f i c i a l  e f f e c t  o f  the colostrum t o  i t s  
p u rg a t iv e  a c t i o n .
The e a r l y  l i t e r a t u r e  on t h i s  syndrome and i t s  possib le  
a e t io l o g y  was reviewed by Jensen (1893 ) .  Obich (1 8 65 ) ,  R o l o f f  (1875) 
and Franck (1887) a re  c r e d i t e d  w i th  proposing the poss ib le  in f e c t io u s  
a e t io l o g y  o f  the d is ea se ,  and Obich even postu la ted  t h a t  the  in fe c t io u s  
agent was disseminated in the  d i a r r h o e i c  faeces .  Other workers ,  such 
as F r ie d b erg e r  and Frohner (1889) proposed t h a t  i n f e c t i o n  occurred  
during the  b i r t h  process,  ga in ing  e n t ry  to  the body v ia  the mouth or  
the um b i l ic a l  cord and Nocard (1886,  1902) considered t h a t  e i t h e r  
i n t r a u t e r i n e  or um b i l ica l  i n f e c t i o n  occurred.
In 1893,  Jensen (1893) reported  an i n v e s t i g a t i o n  in to  losses  
among calves  on a la r g e  farm in Denmark on which n e a r ly  every  newborn 
c a l f  became a f f e c t e d  by d ia rrhoea  and on which the annual c a l f  m o r t a l i t y  
was 50 per cent or h ig h e r .  I t  was a ls o  Jensen (1893) who c a r r i e d  out  
the  f i r s t  b a c t e r i o l o g i c a l  i n v e s t i g a t i o n  and concluded t h a t  the disease  
was caused by members o f  the colon group o f  b a c t e r i a .  These organisms
could be i s o la te d  r e g u l a r l y  from the i n t e s t i n e s ,  mesenter ic  lymph 
nodes, hear t  blood, spleen,  l i v e r  and kidneys,  Jensen be l ieved  th a t  
both food and bedding became contaminated by these b a c t e r i a ,  r e s u l t i n g  
in the  subsequent i n f e c t i o n  o f  calves  reared in t h i s  environment and 
claimed to  be a b le  to  reproduce the  disease by feeding c u l tu r e s  o f  
these organisms to newborn c a lves .  L a te r  workers (Lovel l  and Hughes, 
1935; Gibson, I 9 6 I )  have ra ised  the p o s s i b i l i t y  t h a t  a t  l e a s t  some 
o f  the organisms recovered by Jensen may have been members o f  the  
Salmonel1 a group o f  organisms and not Escher ich ia  c o l i . This 
a s s o c ia t io n  o f  Bacterium col i w i th  the disease q u ic k ly  led  to  the  
i n t ro d u c t io n  o f  the term " C o l i b a c i 11 o s is "  to descr ibe  the  syndrome 
(Poe ls ,  1899; Van Es, 1910 ) ,
The e s t im a t io n s  o f  cal fhood m o r t a l i t y  by authors such as 
Know! son (1834) and Dobson (1872) were l a r g e l y  anecdotal  w i th  l i t t l e  
fa c tu a l  basis but they i n d ic a t e  a t  l e a s t  th a t  losses could be very high.  
The f i r s t  recorded survey o f  c a l f  m o r t a l i t y  in B r i t a i n  was c a r r i e d  out  
in Scot land.  Jordan (1933) reported  an i n v e s t ig a t io n  c a r r i e d  out  
during 1931 and 1932 o f  26 herds in A y rs h i re ,  in which the m o r t a l i t y  
r a t e  was 22 per c e n t .  The survey was conf ined to  h e i f e r  calves but 
u n f o r t u n a t e ly  the author  does not s t a t e  the upper age l i m i t  o f  the  
survey.  Smith (1934) repor ted  a survey o f  52 herds from the same 
area during  the per io d  1931-34 and recorded a m o r t a l i t y  r a te  o f  20 per  
cent f o r  d a i r y  h e i f e r  calves  o f  which ."white scour" accounted f o r  40 
per c e n t .
The f i r s t  na t iona l  survey o f  c a l f  losses in B r i t a i n  was
c a r r i e d  out dur ing the  two year  per iod from the beginning of  1936 to
the  end of  1937 and involved 355 herds in England .and Wales and 47 in 
Scot land (Lovel l  and H i l l ,  1940 ) ,  The m a jo r i t y  o f  the herds in 
Scotland were again  s i t u a t e d  in A y r s h i r e .  From the data suppl ied from 
the  herds in England and Wales i t  was est imated t h a t  5 .5  per cent of  
a l l  female calves  died be fore  s ix  months of  age,  but in Scot land the  
m o r t a l i t y  r a t e  f o r  calves  up to  s ix  months of  age was more than double 
t h a t  f o r  England and Wales a t  1 1 .4  per cen t .  The m a jo r i t y  o f  deaths
occurred during the  f i r s t  two weeks o f  l i f e .
Hector and Rowat (1948) reported the f in d in g s  o f  a small but 
i n t e r e s t i n g  survey o f  84 herds in D u m fr iessh i re .  The in v e s t i g a t i o n
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covered the period from November, 1946 to June, 194? and i t  was found 
t h a t  6 . 8  per cent o f  female calves  died before  reaching 60 days of  
age. The authors speculated t h a t  t h i s  m o r t a l i t y  r a t e  was lower than  
might have been a n t i c i p a t e d  from previous surveys as the farmers who 
cooperated in t h e i r  survey were l i k e l y  to  be the most p rogress ive .
Withers  (1952-1953) repor ted  a survey o f  44 d a i r y ,  beef and 
dual -purpose herds lo ca ted  throughout B r i t a i n  which covered a th re e  
year per iod  from 1946 to  1949.  The t o t a l  number o f  l i v e  b i r t h s  on 
the survey farms dur ing t h i s  period was 8720 and the annual m o r t a l i t y  
r a t e  fo r  female calves  in England and Wales during  the f i r s t  s ix  months 
o f  l i f e  was s ix  per cent but again  a considerab ly  h igher  m o r t a l i t y  
r a t e  o f  11.1 per cent was recorded in the survey herds in Scot land.
The annual m o r t a l i t y  r a t e  in beef and dua l-purpose herds o f  4 , 6  per 
cent was lower than t h a t  o f  d a i r y  herds.
In 1962 and 1963 a survey was c a r r i e d  out by Leech, Macrae 
and Menzies (1968) which covered I 567 randomly se lec ted  farms throughout  
B r i t a i n  and which was l i m i t e d  to  those calves  which were known to  have 
consumed t h e i r  f i r s t  feed and cont inued u n t i l  they were removed from 
the herd or  u n t i l  the end o f  the survey.  The o v e r a l l  m o r t a l i t y  r a te  
o f  animals less than one year  old was c a lc u la t e d  to  be 5 .6  per cent  
and I t  was est imated  t h a t ,  dur ing the survey y ea r ,  89 ,000  (2,6%) home­
bred,  l i v e - b o r n  calves  d ied w i t h i n  one month o f  being born and t h a t  
19 ,000  ( 2 , 4%) purchased ca lves  died w i t h i n  one month o f  purchase.
Leech and others  (1968) a ls o  recorded t h a t  the  m o r t a l i t y  in south-west  
Scotland was more than one and a t h i r d  t imes the na t io n a l  average.
S m a l le r ,  more recent surveys have continued to emphasise the  
regional  v a r i a t i o n s  in the  m o r t a l i t y  r a te  between south-west Scotland  
and England, Selman, de la  Fuente ,  F isher  and McEwan (1971a) recorded  
a m o r t a l i t y  r a t e  o f  11 per cent in d a i ry  h e i f e r  calves  during the f i r s t  
four  weeks o f  l i f e  on 47 farms in the  west o f  Scot land.  Boyd (1972) 
surveyed 149 home-bred and 78 purchased calves on a c a l f  r e a r in g  u n i t  
in Cheshire  and recorded an o v e r a l l  m o r t a l i t y  of  5 . 7  per cent up to  
fo u r  weeks o f  age.
Surveys o f  c a l f  losses in o th e r  countr ies  have y ie ld e d  
f ig u r e s  very s i m i l a r  to those recorded In B r i t a i n .  In Denmark,
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Ottosen (1959) est im ated from the number o f  calves disposed o f  through  
render ing p lants  t h a t  the na t iona l  annual c a l f  m o r t a l i t y  v/as 
approximate ly  10 per cent but recorded a mean annual m o r t a l i t y  o f  17 
per cent  in a survey o f  211 herds.  In Sweden, Jonsson and Swahn 
( 1968) found th a t  2 ,3  per cent o f  5698 ca lves ,  marketed a t  
approximate ly  14 days o f  age through a coopera t ive  died w i t h i n  four  
weeks o f  purchase.  This f i g u r e  is very  s i m i l a r  to  th a t  recorded by 
Leech and o thers  (1968) in B r i t a i n .  Hurvel 1 and Fey (1970) reported  
a s i m i l a r  survey o f  3901 calves  passing through the same c oope ra t ive  
and recorded a m o r t a l i t y  o f  2 ,5  per cent during the  fo u r  weeks 
f o l lo w in g  purchase.  In West Germany, Mayr, K a l ic h  and Mehnert (1964) 
reported  t h a t  the annual c a l f  m o r t a l i t y  r a te  was 10 per cent and,  
even a t  th a t  t im e ,  t h i s  represented a loss to  the  a g r i c u l t u r a l  indus try  
o f  57 m i l l i o n  D marks per y e a r .
In the Uni ted  S t a t e s ,  c a l f  m o r t a l i t y  has been est imated  to  
be as high as 20 per cent in some l o c a l i t i e s  (R e is in g e r ,  1965;
Amstutz,  1965) .  A survey o f  77 d a i r y  herds in Michigan by Oxender,  
Newman and Morrow (1973) revea led  a c a l f  m o r t a l i t y  r a t e  of  11 .3  per 
cent between b i r t h  and 60 days o f  age.  The authors c o n s e r v a t iv e ly  
est imated  t h a t  the  annual economic loss in the whole o f  the Un i ted  
States  due to  neonatal  deaths was in excess o f  $ 200 m i l l i o n .  A 
s i m i l a r  m o r t a l i t y  r a t e  o f  10 .5  per cent in calves  up to  s ix  months o f  
age was recorded in Utah (W isniewski,  Arave and Lamb, 1975 ) .  In a 
survey which included only the h e i f e r  calves in 247 H o ls te in  herds in 
New York s t a t e ,  Hartman, E v e r e t t ,  S lack and Warner (1974) recorded a 
mean annual m o r t a l i t y  r a t e  as a r e s u l t  of  disease between b i r t h  and 
th re e  months o f  age o f  11 ,8  per cent and t h a t  calves born dead or  
abnormal averaged 8 ,2  per cent to  g iv e  an annual c a l f  wastage o f  20 
per c en t .  In a s i m i l a r  study in v o lv in g  16 d a i ry  farms in nor thern  
C a l i f o r n i a  h e i f e r  c a l f  m o r t a l i t y  averaged 17-20 per cent between b i r t h  
and th ree  months of  age (M a r t in ,  Schwabe and F r a n t i ,  1975).
In New Zealand,Cagienard  (1973) s ta ted  t h a t  the c a l f  
m o r t a l i t y  was probably h igh ,  w i thout  g iv in g  any prec ise  f i g u r e s .
A l l  the surveys c a r r i e d  out in B r i t a i n  have c l e a r l y  
demonstrated a seasonal p a t t e r n  of  c a l f  m o r t a l i t y  and th a t  t h i s  
seasonal incidence was much more marked in Scot land,  and e s p e c i a l l y
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south-west Scot land (Lovel l  and H i l l ,  1940; W i th e rs ,  1952c) .  Both 
Jordan (1933) and Smith (1934) recorded th a t  the  m o r t a l i t y  r a t e  dur ing  
the  l a t e  w in te r  housing per iod  was approximate ly  25 per c e n t ,  but 
dur ing the  autumn months i t  dropped t o  e ig h t  per c e n t ,  and Leech and 
others  (1968) found th a t  the m o r t a l i t y  r a t e  f o r  ca lves  born during  
the  per iod  May to  September was 1 .6  per cent compared to  5 . 4  per cent  
fo r  calves  born dur ing January and February .  Several  s tud ies  have 
In d ica te d  breed v a r i a t i o n s  in s u s c e p t i b i l i t y  to  neonatal  d isease and 
death .  Calves o f  the  Channel Is land  breeds,  i . e .  Jersey and Guernsey 
c a lv e s ,  a re  reputed to  have the h ighest  m o r t a l i t y  ra tes  (Blakemore,  
Davies ,  Eylenberg,  Moore, S e l l e r s  and Worden, 1948; W i th e r s ,  1952c;  
Leech and o th e rs ,  1968; Oxender and o th e r s ,  1973; Larouche and B lack ,  
1 9 7 3 ) .  In t h e i r  farm survey Selman and others  (1971a) recorded t h a t  
the  m o r t a l i t y  r a t e  f o r  A y r s h i r e  h e i f e r  ca lves  was 14 per c en t ,  but  
t h a t  f o r  F r i e s ia n  and A y rs h i re  cross F r ie s ia n  calves  was on ly  s i x  per 
c e n t .  Both W ithers  (1952c) and Leech and others  (1968) emphasised 
t h a t  regional  d i f f e r e n c e s  in m o r t a l i t y  ra tes  might w el l  r e f l e c t  
regional  d i f f e r e n c e s  in husbandry p ra c t ic e s  and Selman and others  
(1971a) a ls o  suggested t h a t  d i f f e r e n t  managemental methods could 
p a r t i a l l y  e x p la in  the apparent breed d i f f e r e n c e s  In t h e i r  survey.
The major managemental f a c t o r s  which appear to  in f lu e n c e  a 
c a l f ' s  a b i l i t y  to  su rv ive  the neonatal  per iod a re  the  p lace  o f  b i r t h  
and the  method o f  fe ed ing  co lost rum.  Calves born In byres have a much 
h igher  m o r t a l i t y  r a te  than calves  b o r n . in  loose-boxes,  which in tu rn  
have a higher  m o r t a l i t y  r a t e  than calves  born in f i e l d s  (Leech and 
o t h e r s ,  1968; Selman and o t h e r s ,  1971a) .  Those ca lves  which re c e iv e  
t h e i r  f i r s t  feed o f  co lostrum by suck l ing  t h e i r  dam have lower  
m o r t a l i t y  ra te s  than ca lves  which rece ive  t h e i r  f i r s t  feed o f  colostrum  
by bucket or re c e ive  no colostrum a t  a l l  (Lovel l  and H i l l ,  1940;  
W ith e rs ,  1952c; Leech and o th e r s ,  1968 ) .  i t  has a ls o  been shown t h a t  
calves  which a re  fed colostrum w i t h i n  s ix  hours o f  b i r t h  have a 
s i g n i f i c a n t l y  lower m o r t a l i t y  r a t e  than those calves  which did not 
re c e iv e  colostrum u n t i l  l a t e r  (Oxender and o th e r s ,  1 9 7 3 ) .  Hartman 
and o thers  (19.74) found t h a t  in herds where the  w i f e  o f  the owner fed  
the ca lves  the number o f  ca lves  dying between b i r t h  and th ree  months 
o f  age was 6 .3  per c en t .  In herds where e i t h e r  the c h i ld r e n ,  or the  
owner or manager, fed the ca lves  the m o r t a l i t y  r a t e  was 8 .4  per cent  
and 8 .8  per cent r e s p e c t i v e l y ,  but in herds where an employee fed the
c a lv e s ,  the m o r t a l i t y  r a t e  was 1 1 .7  per cen t .
During a major i n v e s t i g a t i o n  to  study the  e f f e c t s  o f  
d i f f e r e n t  d i e t a r y  regimes on the growth of  young c a lv e s ,  Roy, Palmer,
Shi 11am, Ingram and Wood (1955a) found th a t  th e re  was a p o s i t i v e  
c o r r e l a t i o n  between the  m o r t a l i t y  r a t e  o f  co lost ru m - fed  calves  and the  
length  o f  t ime th a t  a c a l f -h o u s e  was occupied.  Under t h e i r  
experimenta l  c o n d i t io n s ,  the m o r t a l i t y  r a te  o f  co lost rum-depr ived  
calves  was c o n s i s t e n t l y  high and was independent o f  the length  o f  t ime  
t h a t  the  c a l f -h o u s e  was occupied.  i t  has a ls o  been shown t h a t  the  
m o r t a l i t y  r a te  among the  ca lves  tends to  increase  w i th  the increasing  
s iz e  o f  the a d u l t  cow herd (Leech and o th e rs ,  1968; Oxender and 
o t h e r s ,  1973; Speîcher and Hepp, 19 7 3 ) .  Hartman and others  (1974)  
found t h a t  the annual c a l f  lo sses ,  inc lud ing  calves  born dead, fo r  
herds under 100 cows, 100 to  200 and more than 200 cows averaged 1 5 .8  
per c en t ,  19 .3  per cent and 2 7 .2  per cent r e s p e c t i v e l y .
The e a r l i e s t  na t io n a l  survey of  c a l f  m o r t a l i t y  which was 
c a r r i e d  out in B r i t a i n  in d ic a te d  t h a t  calves were a t  g r e a t e s t  r i s k  
during  the f i r s t  fo ur  weeks o f  l i f e  and e s p e c i a l l y  dur ing the f i r s t  
two weeks (Lovel l  and H i l l ,  1 94 0 ) .  The l a t e r  surveys confirmed and 
re-emphasised t h i s  f i n d i n g .  W ithers  (1952b) est im ated  t h a t  o f  those  
calves  which died dur ing the  f i r s t  s ix  months o f  l i f e ,  48 per cent  
died In the  f i r s t  week, 66 per cent in the f i r s t  two weeks and 74 per 
cent in the f i r s t  fo u r  weeks o f  l i f e .  ' The survey o f  Leech and o thers  
( 1968) included animals up to  one year  o f  age,  and they deduced t h a t  
o f  those home-bred animals  which died during the f i r s t  y e a r ,  30 per  
cent died during  the f i r s t  week o f  l i f e  and 55 per cent died dur ing  
th e  f i r s t  four weeks o f  l i f e .  O ther ,  more l i m i t e d ,  surveys have 
a ls o  confirmed the f i r s t  two weeks o f  l i f e  a re  the per iod  o f  g r e a t e s t  
m o r t a l i t y  (Hector and Rowat, 1948; Oxender and o th e r s ,  1973; Larouche  
and Black ,  1973; M a r t in  and o t h e r s ,  1975).
Every survey in t o  neonatal c a l f  m o r t a l i t y  c a r r i e d  out in 
B r i t a i n ,  whether loca l  or n a t i o n a l ,  has s tressed t h a t  the most 
important causes o f  t h i s  m o r t a l i t y  have been d ia r r h o e a ,  and sept icaemia  
(Jordan 1933; Smith 1934; Lo v e l l  and H i l l ,  1940; Hector and Rowat,
1948; W i th e rs ,  1952b; S e l l e r s ,  Smith and Wood, 1 96 8 ) .  Fo l low ing
the  i n i t i a l  a s s o c ia t io n  o f  Esch er ich ia  c o l i  w i th  the  d ia r r h o e a /s e p t ic a e m ia
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syndrome by Jensen (1893), o the r  workers confirmed t h i s  f in d in g  (Smith 
and O r c u t t ,  1925; Smith and L i t t l e ,  1927; Love l l  and Hughes, 1935;  
Br iggs ,  1951; Rees, 1 958 ) .  There was, however, l i t t l e  i f  any a t tempt  
to  d is t in g u is h  the two syndromes c l i n i c a l l y ,  b a c t e r i o l o g i c a l  1 y or  
p a t h o l o g i c a l 1 y .
Gay ( 1965) suggested th a t  the a l l - e m b ra c in g  d iagnosis  of  
" c o l i b a c i 11 o s is "  should be d iv id e d  in to  three  syndromes on c l i n i c a l  
and b a c t e r i o l o g i c a l  grounds; c o l is e p t i c a e m ia ,  a syndrome in which 
E. col i can be recovered from the in te rn a l  organs and two d ia r r h o e i c  
syndromes; e n t e r i c  c o l i b a c i 11 os is  and e n t e r i c  toxaemia ,  in which 
E. col i can only  be i s o la te d  from the i n t e s t i n a l  t r a c t  or a ssoc ia ted  
m esenter ic  nodes.
Col isept icaem ia  occurs in neonatal  calves  which are  
im m unog lobu l in -de f ic ien t  (Fey and Margadant,  1961; Gay, Anderson,  
Fisher  and McEwan, 1965a) and r a p id ly  r e s u l t s  in the death o f  a f f e c t e d  
c a lv e s .  The major c l i n i c a l  signs a re  depression,  inappetence,  f e v e r ,  
weakness and recumbency. D ia r rh o ea ,  i f  present a t  a l l ,  is scanty and 
a terminal  e ven t .  P a in fu l  enlargement o f  j o i n t s  and signs o f  
m e n in g i t is  a re  a ls o  o c c a s io n a l ly  seen (Smith,  1962; Gay, 1965; Smith 
and H a l l s ,  1968a; Logan and Penhale,  1971a) .  C o l isep t ica em ia  is 
s t r i c t l y  t ime l i m i t e d  and r a r e l y  occurs a f t e r  seven days o f  age 
(Larouche and Black ,  19 7 3 ) .  The major p a tho log ica l  f in d in g s  are  
widespread pe tech ia l  haemorrhages of  the  lungs,  t ra c h e a ,  myocardium 
thymus, spleen and subendocardium. Sp len ic  enlargement and d is te n s io n  
o f  the j o i n t  capsules a re  a ls o  f requent  post-mortem f in d in g s  (Osborne,  
1967b; Wray and Thomlinson, 197 2 ) .  Pure c u l tu re s  o f  E. c o l i  can be 
i s o la t e d  from the blood and in te rn a l  organs (Smith and H a l l s ,  1968a;  
Wray and Thomlinson, 1974 ) .  The serotypes of  E. c o l Î recovered from 
cases of  c o l is e p t ic a e m ia  a re  those th a t  grow r a p id ly  in fo e ta l  c a l f  
serum (Smith,  1962) and many o f  the  serotypes o f  E, col i recovered from 
cases of  c o l is e p t Ic a e m ia  in Canada, Europe and B r i t a i n  are  id e n t ic a l  
(Gay, 1965) .  i t  is considered th a t  the  signs and les ions  of  
c o l is e p t ic a e m ia  a re  mediated by endotoxin re leased by the invas ive  
E. c o l i  (F isher  and M a r t i n e z ,  1975a; Wray and Thomlinson, 1972) .
The s e ro lo g ic a l  c l a s s i f i c a t i o n  of  E . c o l Î is based on th re e  
main a n t ig e n s ,  the somat ic ,  or  0 a n t ig e n ,  the ca p s u la r ,  or K an t igen
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and the f l a g e l l a r ,  or H a n t ig e n  (Gay, 1965)-  The presence o f  the K
a n t igens  prevents expression  o f  the  0 ant igens  and must be destroyed  
by heat ing  before  the 0 an t igens  can be a g g lu t in a t e d  by homologous 0 
a n t i s e r a .  V a r i a t i o n  in the  heat l a b i l i t y  o f  the K a n t ig e n  has 
perm it ted  f u r t h e r  d i f f e r e n t i a t i o n  o f  E. c o l i  sero types .  There are  
th re e  major c lasses o f  K a n t ig e n s ;  the L - t y p e  K ant igens  are  destroyed  
by heat ing  a t  lOO^C f o r  one hour; the B-type K ant igens  are  a ls o  
destroyed by heat in g  a t  100°C f o r  one hour,  but d i f f e r  from L - t y p e  K 
ant igens  in r e t a in i n g  the  a b i l i t y  to  combine w i th  homologous K a n t i s e r a ;  
the  A - type  K antigens r e q u i re  to  be main ta ined a t  121°C f o r  two and a 
h a l f  hours before  a g g l u t i n a t i o n  w i th  homologous 0 a n t i  sera occurs .
The f l a g e l l a r  ant igens  a re  not very  common.
E n t e r ic  col i b a d  11 o s Î s was the term introduced by Gay (1965) 
to  descr ibe  the  syndrome in young calves  o f  profuse d iarrhoea  o f  
v a r i a b l e  s e v e r i t y  which occurs in the  absence o f  an E , c o l i  sept icaemia  
(Gay, Anderson, F isher  and McEwan, 1965a; F is h e r ,  Selman, McEwan and 
de la  Fuente,  1968; Logan and Penhale ,  1971a) .  The eventual  f a t e  of  
a f f e c t e d  calves  depends on the degree o f  p h y s io lo g ic a l  changes.  
C l i n i c a l l y ,  the  syndrome is c h a ra c te r is e d  by depress ion ,  p rofuse ,  
y e l lo w is h - g re e n  d ia rrho ea  o f  v a r i a b l e  d u r a t io n ,  but u s u a l ly  more than 
th re e  days.  U n l ik e  ca lves  w i th  sep t icaem ia ,  d i a r r h o e i c  calves  
f r e q u e n t l y  r e t a i n  the  d e s i r e  to  consume m i lk  and do not become recumbent 
u n t i l  s h o r t l y  be fore  death (Logan and Penhale,  1971a) .  Marked o l i g u r i a  
or even anur ia  is f r e q u e n t ly  present (Logan and Penhale,  1971a; F isher  
and de la  Fuente, 1972; F is h er  and M a r t in e z ,  1975b).  in calves  
a f f e c t e d  by severe d ia r r h o e a ,  weight loss is one o f  the outs tanding  
c l i n i c a l '  f e a t u r e s ,  and is  o f t e n  accompanied by the development o f  
sunken eyes (B la x te r  and Wood, 1953; Roy and o th e r s ,  1955a; Smith,  
1 96 2 ; Logan and Penhale ,  1972; F isher  and M a r t in e z ,  1975b).  E n t e r ic  
c o l i b a c i 11 os is  is r a r e l y  seen a f t e r  th re e  weeks o f  age (Aschaffenburg , 
B a r t l e t t ,  Kon, T e r r y ,  Thompson, Wa lker ,  Br iggs ,  Cotchin and L o v e l l ,  
1949a;  Larouche and Black ,  197 3 ) .
A c o n s id e ra b le  number o f  d e t a i l e d  ph ys io lo g ica l  and 
biochemical  in v e s t ig a t io n s  have been c a r r i e d  out on ca lves  a f f e c t e d  by 
spontaneous e n t e r i c  c o l i b a c i 11 os 1s (B la x te r  and Wood, 1953; McSherry  
and G r in y e r ,  1954; Roy, Shi 11am, Hawkins, Lang and Ingram, 1959;
D a l to n ,  F isher  and M c In t y r e ,  1965; F is h e r ,  1965; F isher  and McEwan, 
196 7 ; F aye t ,  1968; Tennant ,  Harro ld  and R e ln a -G u e r ra , 1972; F isher
and de la  Fuente ,  1972; Logan and Penhale,  1972; F isher  and M a r t i n e z ,  
1975b). From these s tud ies  several  major f in d in g s  have emerged; 
calves  w i th  marked neonatal  d ia rrho ea  have a m etabo l ic  a c i d o s i s ,  a 
hyperka laemia and a uraemia; they a ls o  have negat ive  potassium and 
sodium balances but the  plasma concentra t ions  o f  sodium in d i a r r h o e i c  
calves  may or may not d i f f e r  s i g n i f i c a n t l y  from those o f  normal c a lv e s ;  
d i a r r h o e i c  calves  have s i g n i f i c a n t l y  lower plasma concentra t ions  o f  
bicarbonate  when compared w i th  n o n -d ia r r h o e ic  c o n t r o ls .
Several  s tud ies  have shown th a t  marked Increases in the  
packed c e l l  volume can occur in calves  a f f e c t e d  by severe d ia rrhoea  
( P h i l i p s ,  Lewis and Knox, 1971; F isher  and de la  Fuente ,  1972; Logan 
and Penhale,  1972; Tennant and o t h e r s ,  1972; Boyd, Baker and Ley land ,
1 9 7 4 ) .  However F isher  and M a r t in e z  (1975b) found t h a t  th e re  was no 
s i g n i f i c a n t  d i f f e r e n c e  in the packed c e l l  volume or plasma volume 
between h e a l th y  n o n -d ia r r h o e ic  ca lves  and d i a r r h o e i c  c a lv e s .  The same 
workers suggested t h a t  the plasma volume was main ta ined a t  the expense 
o f  f l u i d  loss from the e x t r a v a s c u la r  pool as i t  was shown t h a t ,  in ca lves  
which died o f  d ia r rh o e a ,  8 3 .7  per cent o f  the f l u i d  loss came from the  
e x t r a v a s c u la r  pool whereas only  16 .3  per cent was l o s t  from the  
i n t r a v a s c u l a r  pool .  I t  was a ls o  demonstrated t h a t ,  when f l u i d  in takes
were m a in ta ined ,  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  in t o t a l  f l u i d  
output between ca lves  which died o f  d ia rrhoea  and calves  which surv ived  
diarrhoea  or remained h e a l t h y .  However, the  u r in a r y  output of  ca lves  
which died o f  d iarrhoea  was s i g n i f i c a n t l y  lower than t h a t  of  calves  
which survived d ia rrhoea  or  calves  which remained normal.
As moribund d i a r r h o e i c  calves  f r e q u e n t ly  have bradycard ia  
and c a rd ia c  a r ry th m ia s  can be de tec ted  e l e c t r o c a r d i o g r a p h i c a l 1 y , 
primary h e ar t  f a i l u r e  is considered to  be the immediate cause o f  death  
in ca lves  s u f f e r i n g  from e n t e r i c  c o l i b a c i 11 os is  (F is h e r ,  1 965 ) .  11
has been shown t h a t  a c i d o t i c  c a lv e s ,  whether induced by spontaneous,  
profuse d ia rrho ea  or by the  in travenous in fus ion  o f  h y d ro c h lo r ic  a c i d ,  
have s i g n i f i c a n t l y  lower c oncentra t ions  o f  myocardial  potassium than 
normal ca lves  (F isher  and McEwan, 1 9 6 7 ) .  These f in d in g s  led  F isher  
and McEwan (1967) to  suggest t h a t  the m e ta b o l ic  a c id o s is  induced by 
the  e l e c t r o l y t e  d is turbances  as a r e s u l t  o f  continuous profuse  
d ia rrho ea  caused a wi thdrawal  o f  i n t r a c e l l u l a r  potassium ions from the  
myocardial  c e l l s  and t h a t  t h i s  myocardial  potassium d e p le t io n  i n t e r f e r e d
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w i th  c a rd ia c  d e p o l a r i s a t io n .
The pathology o f  e n t e r i c  c q I i b a d  11 o s i s is confused. McEwan 
(1950) and G lan tz  and Kradel  (1967) s ta te d  th a t  the  main p a tho log ica l  
l e s io n  was a g a s t r o e n t e r i t i s ,  but Smith (1962) was unable to  d e te c t  
any gross pa th o lo g ica l  d i f f e r e n c e s  between calves  which had d ia rrho ea  
and those which remained h e a l t h y .  Osborne (1967a)descr ibed a severe  
haemorrhagic e n t e r i t i s  w i th  a l t e r n a t e  hyperaemic and ischaemic segments 
o f  the  small i n t e s t i n e  in exper imental  c o l i b a c i l l e s  is induced by 
fee d in g  an inoculum o f  f i v e  d i f f e r e n t  E . c o l i  sero types .  Osborne 
(1967a) suggested t h a t  the  fundamental  l e s io n  In both col isep t  icaemia 
and e n t e r i c  col ibaci  11 os is  was a widespread thromboembolism o f  the  
m icro va sc u la tu re  as a r e s u l t  o f  disseminated i n t r a v a s c u la r  c o a g u la t io n .
Gay, McKay and Barnum (1964b) descr ibed a syndrome in which  
c a lv e s ,  less  than one week o ld  and o f t e n  w i t h i n  48 hours o f  b i r t h ,  
developed a pro fuse ,  watery  d ia r rh o e a ;  became ext remely  depressed and 
r a p i d l y  p r o s t r a t e .  T e r m in a l l y ,  a f f e c t e d  calves  had a weak, i r r e g u l a r  
pulse and shal low in f re q u e n t  r e s p i r a t o r y  movements. Death supervened  
w i t h i n  24 hours o f  o n s e t . .  B a c t e r i o l o g i c a l  examinat ion  f a i l e d  to  
reveal  a s e p t ic aem ia ,  but examinat ion o f  the i n t e s t i n a l  t r a c t  y ie ld e d  
heavy growths o f  pure c u l t u r e s  o f  mucoid E. c o l i  w i th  A- type  K a nt igens  
in the  upper and middle small i n t e s t i n e .  The m a j o r i t y  o f  s t r a in s  
belonged to th re e  serotypes 09:K(PS274) , 09:K(RVC118) and 0101 : K(RVCl 18) , 
No p a th o lo g ica l  d e t a i l s  were given and attempts  to  reproduce the  
syndrome e x p e r im e n t a l l y  were unsuccessful  (Gay and o t h e r s ,  1964c) .
The name e n t e r i c  toxaemia was used to  descr ibe  t h i s  form o f  
c o l i b a c i 11o s i s , as Gay (1965) considered th a t  the n o n- inva s iv e  E . c o l i  
which p r o l i f e r a t e d  in th e  a n t e r i o r  small i n t e s t i n e  produced a to x in  
which was absorbed in to  the  blood stream. Approximately  40 years  
e a r l i e r .  Smith and O rc u t t  (1925) had repor ted  the i s o l a t i o n  o f  mucoid 
E. c o l i  from the upper i n t e s t i n e  o f  d i a r r h o e i c  c a lv e s ,  and Gay (1965) 
suggested t h a t  syndrome descr ibed by Gay and o thers  (1964b) was 
i d e n t i c a l  to  the " î s o c o l i b a c i l l o s i s "  descr ibed in Europe (Wramby, 1948;  
Ottosen,  1959) .
S h o r t ly  a f t e r  Gay and others  (1964b) had descr ibed the  e n t e r i c  
toxaemic syndrome o f  c o l i b a c i 11o s i s .  Smith and H a l l s  (1967a) reported  
t h a t  seven o f  127 s t r a in s  o f  E. c o l i  which had been a s so c ia ted  w i th
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outbreaks  o f  d ia rrho ea  în ca lves  were capable ,  on in fu s io n  in to  
i s o la t e d  segments o f  c a l f  i n t e s t i n e ,  o f  producing a marked accumulation  
o f  f l u i d  w i t h i n  the  segments. S ix  o f  the seven p o s i t i v e  s t r a in s  could  
be serotyped in to  th re e  groups, 0 9 : K9, 0101 :K? and 08:l<? and had been 
i s o la t e d  from ca lves  in Belgium, Canada, Hol land and the  U .S .A .  The 
seventh untypable  s t r a i n ,  i s o la t e d  in Br i ta in^was ass oc ia ted  w i th  an 
outbreak  o f  profuse d ia rrho ea  and high m o r t a l i t y  in young c a lv e s .
None o f  14 s t r a in s  o f  E. c o l i  i s o la t e d  from cases o f  c o l is e p t ic a e m ia  
produced d i l a t a t i o n  o f  i s o la t e d  i n t e s t i n a l  loops .  There was no 
d i f f e r e n c e  in v i a b i l i t y  w i t h i n  the  i n t e s t i n a l  loops between those  
s t r a i n s  of  E. col i which produced d i l a t a t i o n  and those which d id  no t .
Furthermore,  Smith and H a l ls  (1967a) demonstrated t h a t  ora l  
i n o c u la t io n  o f  c o los t ru m - fe d  ca lves  less  than 20 hours o ld  w i th  
approximate ly  10^^ v ia b l e  organisms produced a syndrome o f  depression  
and pro fuse ,  watery  d ia r rh o e a  w i t h i n  9 -22  hours o f  dosing.  Many o f  
th e  a f f e c t e d  ca lves  were moribund w i t h i n  16 hours o f  the  onset o f  
c l i n i c a l  s ig ns.  Post-mortem examinat ion o f  the  i n t e s t i n a l  t r a c t  
revea le d  t h a t  abnormal ly  high numbers o f  the inocu la ted  s t r a i n  were 
found in the  a n t e r i o r  small i n t e s t i n e .  No E . col I organisms were 
i s o la t e d  from the spleen or l i v e r .  F ur the r  s tud ies  in d ica te d  t h a t  the  
d i l a t i n g  substance,  or  e n t e r o t o x in ,  was present in c e l l - f r e e  c u l t u r e  
f i l t r a t e s  (Smith and H a l l s ,  1967b) .  From these exper iments ,  Smith 
and H a l ls  (1967a) concluded t h a t  f o r  s t r a in s  of  E . c o l i  to  be 
enteropathogen ic  they  must produce e n te r o to x in  and be capable o f  
p r o l i f e r a t i o n  in the  a n t e r i o r  small i n t e s t i n e .
Examination o f  porc ine  enteropathogenic  E. c o l i  s t r a in s  
revea led  the  e x is te n c e  o f  two d i f f e r e n t  e n t e r o t o x i n s , a h e a t - l a b i l e  
and a n t i g e n ic  e n t e r o t o x in  and a r e l a t i v e l y  h e a t - s t a b le  and a p p a re n t ly  
n o n -a n t ig e n ic  e n t e r o t o x in  (Smith and Gy.les, 1970a) .  I t  was considered  
t h a t  bovine ente ropathogen ic  s t r a i n s  o f  E . c o l i  produced only a h e a t -  
s t a b le  e n t e r o t o x in  (Smith and Gyles ,  1970b; Smith and Linggood, 1972;  
Moon, Whipp and Skarvedt ,  1976) but recent work has shown th a t  a t  
l e a s t  some bovine s t r a in s  o f  ente ropathogen ic  E. c o l i  a re  capable  o f  
producing h e a t - l a b i l e  e n t e r o t o x in  ( E l l i s  and K e in h o lz ,  19 7 7 ) .  The 
p o t e n t i a l i t y  to  produce e n t e r o t o x in  is r e la t e d  to  the presence o f  a 
"common K a n t ig e n "  K99 which is plasmid c o n t r o l l e d ,  and which is 
considered to  f a c i l i t a t e  adhesion by the enteropathogen ic  s t r a in s  of
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E. col î to  the i n t e s t i n a l  e p i t h e l iu m  (Smith and Linggood, 1972; Orskov,  
Orskov, Smith and Sojka ,  1975; Sivaswamy and Gyles ,  1976b) .  However,  
not a l l  enteropathogenic  s t r a in s  of  E. c o l i  possess the  K99 a n t ig e n  
(Myers and Guinee, 1976; Moon and o t h e r s ,  1976) .
Both types o f  e n te r o to x in  produced by enteropathogenic  
E. c o l i  a l t e r  f l u i d  and e l e c t r o l y t e  t ra n s p o r t  in the  small i n t e s t i n e  
(Hamil ton,  Roe and N ie ls e n ,  1977; Sack, 1 975 ) .  The h e a t - s t a b le  
e n te r o to x in  cons is ts  o f  two d i s t i n c t  tox ins  o f  low m olecular  weight  
( 1000 - 1 0 , 000) which have a rap id  onset o f  a c t io n  o f  short  d u ra t io n  
(Bywater,  1972; Sack, 1 975; Burgess,  Bywater,  Cowley,  Mull an and 
Newsome, 1978) and i t  is thought t h a t  the h e a t - s t a b le  e n te r o to x in  
induces i n t e s t i n a l  s e c re t io n  by increas ing  i n t e s t i n a l  c y c l i c  guanosine  
5 ' -monophosphate conce ntra t ions  (Newsome, Burgess and M u l la n ,  1 978 ) .
This  r e s u l t s  in a net increase  in water  s e c re t io n  In to  the i n t e s t i n a l  
t r a c t  (Bywater,  1973,  197 5 ) .  The h e a t - l a b i l e  e n te r o to x in  has a high 
molecular  weight (1 00 , 000) ,  but has a r e l a t i v e l y  slower onset and 
longer  d u ra t io n  o f  a c t io n  than the  h e a t - s t a b le  e n t e r o t o x in  (Sack,  1 97 5 ) .  
The mode o f  a c t io n  o f  h e a t - l a b i l e  e n te r o to x in  is i d e n t ic a l  to  
V. cho lerae  e n t e r o t o x in ,  s t i m u l a t i n g  the i n t r a - e p i t h e l i a l  adenyl 
c y c l a s e / c y c l i c  adenosine 5 -monophosphate system w i t h i n  the small 
i n t e s t i n a l  e p i t h e l i a l  c e l l s  which r e s u l t s  in e l e c t r o l y t e  s e c r e t io n ,  
main ly  sodium and b icarbonate  ions ,  and water  loss in to  the small  
i n t e s t i n e  (Evans, Chen, Curl in and Evans, 1972; G u e rra n t ,  Ganguly,  
Casper,  Moore, P ie rc e  and C a rp e n te r ,  1973 ) .  Although i t  is id e n t ic a l  
to  V. cholerae  e n t e r o t o x in ,  a much l a r g e r  q u a n t i t y  o f  E . c o l Î h e a t -  
l a b i l e  e n te r o to x in  is re q u i re d  to  produce a s i m i l a r  response (Sack,  
1975) .  In one o f  the  few s tud ies  in to  the ph y s io lo g ic a l  e f f e c t s  o f  
d ia rrho ea  induced by v ia b l e  en teropathogen ic  E. c o l i  organisms in the  
i n t a c t  c a l f  i t  was shown t h a t  ne t  losses o f  w a t e r ,  sodium, c h l o r id e  and 
potassium occurred in the  d i s t a l  small i n t e s t i n e  w i th  a compensatory 
but i n s u f f i c i e n t  increase in water  and sodium a bsorp t ion  in the s p i r a l  
colon.  There was no s i g n i f i c a n t  d i f f e r e n c e  in the b icarbonate  
movement between d i a r r h o e i c  calves  and normal c o n t ro ls  (Bywater and 
Logan, 1974) .
Logan and Penhale (1971b) reported  the  i s o l a t i o n  o f  four  
enteropathogen ic  s t r a in s  o f  E. c o l i  from young calves  which had been 
purchased a t  th re e  to  seven days o ld  through two markets In the  west  
of Scot land and which had l a t e r  died o f  acute  d ia r rh o e a .  Subsequently
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they reported the experimenta l  reproduct ion  o f  the syndrome by the ora l  
in o c u la t io n  w i th  one o f  these s t r a in s  (Logan and Penhale ,  197 2 ) .  F ive  
calves  were inocu la ted  between 39 and 48 hours o f  age and e ig h t  ca lves  
were less than 24 hours when c h a l le n g ed .  A l l  13 calves  developed 
severe d iarrhoea  w i t h i n  24 hours o f  ch a l le n g e ,  w i th  weight lo s s ,  sunken 
eyes and o l i g u r i a  as o th e r  s i g n i f i c a n t  c l i n i c a l  s ig ns.  Eleven o f  the  
13 calves  died between two and four  days o f  being cha l lenged .  The two 
calves  which survived were inocu la ted  between 39 and 48 hours o f  age.
A marked uraemia,  hyperkalemia and increase  in the packed c e l l  volume 
were a ls o  noted.  A l l  13 ca lves  were co lost rum-depr ived  but had been 
given an IgM p re p a ra t io n  in t raven o u s ly  to prevent c o l is e p t ic a e m la  
(Penhale ,  Logan and Stenhouse,  1971) .
The pathology o f  the  e x p e r im e n t a l ly  induced e n t e r i c  toxaemia 
has a ls o  been descr ibed (Logan, Pearson and McNul ty ,  1977; Pearson,  
McNulty and Logan, 1978a) .  The les ions  were confined to  the small 
i n t e s t i n e ,  from the  middle  t o  the  d i s t a l  t h i r d .  The i n t e s t i n a l  v i l l i  
were stunted and th ickened and on a l l  v i l l i  the  e p i t h e l i a l  c e l l s  were 
cuboidal  to columnar in s t r u c t u r e .  O cc as io n a l ly ,  e p i t h e l i a l  c e l l s  
had been lo s t  from the t i p s  o f  a few in d iv id u a l  v i l l i .  An increased  
number o f  neutroph i l  leucocytes  and r e t i c u l a r  c e l l s  were present in 
the  lamina p r o p r ia .  Immunof1uorescent s tudies  revea led  th a t  adhesion  
o f  the cha l lenge  s t r a i n  o f  E . c o l i  was confined to  the middle and d i s t a l  
small i n t e s t i n e  and organisms were only  found in the a n t e r i o r  small 
i n t e s t i n e  of  those ca lves  which a c t u a l l y  died (Logan and o th e rs ,  19 7 7 ) .
Smith and H a l ls  (1967a) demonstrated t h a t  on ly  a p ro p o r t io n  
o f  the s t r a in s  o f  E. c o l i  i s o la t e d  from young calves  w i th  d ia rrhoea  is 
enteropathogenic  and t h i s  has been confirmed in several  s tu d ie s .  In 
Belgium, El Nageh (1 970) and Schoenaers and Kaeckenbeeck (1973) found 
t h a t  seven to  ten per cent o f  s t r a in s  o f  E. c o l i  i s o la t e d  from d i a r r h o e i c  
calves  were enteropathogen ic  based upon t h e i r  a b i l i t y  to  cause 
d i l a t a t i o n  o f  c a l f  i s o la te d  i n t e s t i n a l  loops.  in S w i t z e r la n d ,  Corboz 
and Becker (1973) examined 35 s t r a in s  o f  E. c o l i  i s o la t e d  from calves  
less  than two weeks o ld  which had d ied o f  non-septicaemie  d iarrhoea  
and found t h a t  14 per cent were en te ropathogen ic .  In a study o f  1004 
i s o la t e s  o f  E. c o l i  from outbreaks o f  c a l f  d ia rrhoea  in seven s ta te s  
in the Uni ted  Sta tes  only 124 were e n te ropathogen ic ,  but en te ropathogenic  
s t r a in s  o f  E. c o l i  were is o la t e d  from calves in one t h i r d  o f  the  herds 
examined in one o f  the  s ta te s  in the survey (Myers,  1975; Myers and
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Guinee,  19 7 6 ) .  Moon and o thers  (1976) found th a t  13 per cent of  
s t r a i n s  o f  E. c o l i  i s o la t e d  from calves  in Minnesota and Montana were 
enteropathogen ic  but t h a t  these ente ropathogenic  s t r a in s  were is o la t e d  
in 24 per cent o f  the  herds examined. In Canada, 2 7 .5  per cent o f  
s t r a in s  o f  E. c o l î recovered from d i a r r h o e i c  ca lves  less  than two weeks 
o ld  were ente ropathogen ic  b u t ,  q u i t e  remarkably ,  o f  100 s t r a in s  
I s o la t e d  from n o n -d ia r r h o e ic  calves  only  one was found to  be 
ente ropathogen ic  (Sivaswamy and Gyles ,  1976a) ,
Although i t  has now been shown t h a t  c e r t a i n  s t r a in s  of  
E„ col i a re  ente ropathogen ic  and ora l  in o c u la t io n  w i th  these s t r a in s  
can reproduce a syndrome o f  d ia r r h o e a ,  depression and death.  Gay (1965) 
in h is  rev iew o f  the r o l e  o f  E . c o l i  in neonatal  c a l f  disease had 
concluded t h a t  th e re  was l i t t l e  s c i e n t i f i c  evidence to  confi rm the  
a b i l i t y  o f  E. c o l i  to  produce d ia r rh o ea  in the  young c a l f .  E a r l i e r ,  
Smith ( 1962) had a ls o  quest ioned the s ig n i f i c a n c e  of  E. c o l i  in the  
d i a r r h o e i c  syndrome and D a l ton ,  F is h e r  and M c In ty re  ( i 960) s ta te d  t h a t  
" i t  was impossible to  e l i m i n a t e  the p o s s i b i l i t y  o f  a v i ru s  such as 
t h a t  o f  mucosal d isease in some cases o f  d ia r r h o e a " .  The e a r l y  repor ts  
o f  v i rus es  ass oc ia ted  w i th  c a l f  d ia rrhoea  were unconfirmed (Baker,  1943;  
L ig h t  and Modes, 194 3 ) ,  but in 1956,  Brandly and McClurkin (1956) 
reported  the recovery  o f  a v i r u s  from two to  th ree  day old calves  w i th  
d iarrho ea  and pneumonia in Wisconsin and the reproduct ion  o f  a ty p ic a l  
d ia rrho ea  syndrome in c o los t ru m -dep r iv ed  c a lv es .  T h is  v i r u s  has now 
been c l a s s i f i e d  as an e n te r o v i r u s  (McClurkin ,  1977) .
The p o s s i b i l i t y  t h a t  v i ruses  might be im p l ic a ted  in the  
a e t io l o g y  o f  neonatal c a l f  d ia rrho ea  rece ived f u r t h e r  impetus w i th  the  
i s o l a t i o n  o f  a v i r u s ,  l a t e r  c lassed as a r e o - l i k e  v i r u s ,  from range 
calves  s u f f e r in g  from d ia rrho ea  in Nebraska (Mebus, Underdah l , Rhodes 
and Twiehaus, 1969; Welch,  1971; F e r n e l i u s ,  R i t c h i e ,  C la s s ic k ,  Norman 
and Mebus, 1972 ) .  Fo l low ing t h i s  rep o r t  several  o th e r  v iruses  have 
been is o la t e d  from ca lves  w i th  d ia rrho ea  and these a re  l i s t e d  in Table  1 
Other m ic ro b io lo g ic a l  agents which have a ls o  been is o la t e d  from ca lves  
w ith  d ia rrho ea  inc lude  Prov idenc ia  s t u a r t i i  (Waldhalm, Meinershagen  
and Frank,  1969 ) ;  Chlamydia organisms (S to rz ,  C o l l i e r ,  Eugster and 
A l t e r a ,  1971) ;  C i t r o b a c t e r  (Acres,  L a in g ,  Saunders and R a d o s t i ts ,
1 975 ) ;  C ry p to s p o r id ia  (Meuten,  Van Kruin ingen and L e i n ,  1974; M o r in ,
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TABLE 1
Viruses assoc ia ted  w i th  neonatal  c a l f  d ia rrho ea
Year
V i r u s  Reported Country
A b i l i t y  to  
reproduce 
dia rrhoea  
in calves Reference
Rotavi  rus 1969 U.S .A. + Mebus and o thers  (1969)
1973 Austra l  ia Turner  and others  (1 973)
1974 Canada Morin and others  (1974)
1974 B r i t a i n Woode and others  (1974)
1975 Bel glum 
(Serology)
Zygra ich  and others
(1975)
1976 France Scherrer  and others
(1976)
CoronaV i rus 1972 U .S .A . + S t a i r  and o thers  (1972)
1974 Canada Morin and o thers  (1974)
1975 Canada Acres and others  (1975)
1975 Bel g iurn 
(Serology)
Zygra ich  and others
(1975)
1978 B r i t a i n Br idger  and others  (1978)
1978 Denma rk Br idger  and o thers  (1978)
Parvovi  rus 1973 U.S .A. + Storz  and Bates (1973)
Ente rov i  rus 1974 U.S .A . - Dunne and others (1974)
As trov i  rus 1978 B r i t a i n - Woode and Br idger  (1978)
C a l i c i vi  rus 1978 B r i t a i n + Woode and Br idger  (1978)
Small cubic v i ru s 1978 B r i t a i n - Almeida and others  (1978)
Vi 11ous epi  thel  ia l  
c e l l  s y n c i t i a  
inducing v i ru s  1978 U.S .A . + Mebus and others  (19 /8 )
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L a r î v î e r e  and L a n  î e r ,  1 976 ) ;  and Mycoplasma-1 îke p a r t i c l e s  (McNulty,  
Curran and McFerran,  1975 ) .
As the v i ru s  is o la t e d  by Mebus and o thers  (1969) had a 
diameter  of  60 - 66nm and resembled reov i ruses  1 , 2 and 3 and the  
bluetongue v i ru s  the authors  descr ibed i t  as a r e o - l i k e  v i r u s .  I t  was
placed in the  D ip io rn a v i ru s  group o f  v i ruses  and c l a s s i f i e d  as a 
r o t a v i r u s  ( F le w e t t ,  Bryden, Davies,  Woode, Br idger  and D e r r i c k ,  1974 ) .  
Given o r a l l y  to  co lost ru m -dep r ived  or g n o to b io t ic  c a lv e s ,  d iarrhoea  
and depression developed w i t h i n  18 hours o f  chal lenge  but the calves  
recovered spontaneously w i t h i n  th ree  to  four  days.  Diarrhoea was 
a p p a re n t ly  more severe when E . col i were a ls o  present  in the i n t e s t i n a l  
t r a c t  (Mebus and o t h e r s ,  1969 ) .  P a t h o l o g ic a l l y ,  the le s io n s ,  s tu n t in g  
and th ic k e n in g  of  the  v i l l i ,  a re  found main ly  in the proximal and middle  
small i n t e s t i n e .  The e p i t h e l i a l  c e l l s  on the v i l l i  a re  mainly  columnar 
to  cuboidal  (Mebus and o th e r s ,  1971; Pearson and o t h e r s ,  1978b ) .  The 
denudation o f  v i l l i  descr ibed in r o t a v i r u s  i n f e c t io n s  by Mebus and 
others  (1971) was considered to  be a post-mortem a r t e f a c t  by Pearson 
and others  (1978b),  Rotav i rus  i n f e c t i o n  is thought to  i n t e r f e r e  w i th  
the  g lucose-coupled sodium t ra n s p o r t  and enzyme mechanisms in the small  
i n t e s t i n e  (Davidson, G a l l ,  P e t r i e ,  B u t le r  and Hamilton ,  1977 ) .
In 1972,  Mebus, W h i te ,  S t a i r ,  Rhodes and Twiehaus (1972) 
demonstrated a c o r o n a - l i k e  v i r u s  on e le c t ro n -m ic ro s c o p ic a l  examinat ion  
o f  d i a r r h o e i c  faeces o f  range calves  aged f i v e  -  21 days.  The 
physico-chemical  c h a r a c t e r i s t i c s  o f  t h i s  corona v i r u s  have been 
descr ibed (Sharpee, Mebus and Bass, 1976) .  E x p e r im e n ta l ly ,  ora l  or  
i n t ra n as a l  in o c u la t io n  o f  g n o t o b io t ic  or co lost rum-depr ived  ca lves  has 
r e s u l te d  in d ia rrhoea  which p e rs is te d  f o r  up to  f i v e  days a f t e r  an 
incubat ion  period o f  one to f i v e  days (Mebus, S t a i r ,  Rhodes and Twiehaus,  
1973a; B r id g e r ,  Woode and M e y l in g ,  1 978 ) .  P a t h o l o g i c a l l y ,  the  
coronavirus  could be de tected  by immunofluorescence on the v i l l o u s  
e p i th e l iu m  o f  the upper,  middle  and lower small i n t e s t i n e  and in both 
the s u p e r f i c i a l  and c ry p t  e p i th e l iu m  of  the colon.  H i s t o l o g i c a l  
l es io n s  were confined to  the middle and lower small i n t e s t i n e  and a ls o  
the  co lon.  In ca lves  k i l l e d  42 -48  hours a f t e r  c ha l lenge  the v i l l i  in 
both the middle and lower small i n t e s t i n e  were shortened and the  t a l l  
columnar e p i t h e l i a l  c e l l s  were replaced by low cuboidal c e l l s .  The 
v i l l o u s  lamina p ro p r ia  in both areas was broader than in u n in fec ted
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Contro ls  w i th  an increase in the  number o f  r e t i c u l u m - l i k e  c e l l s  and 
a ls o  congestion o f  the c a p i l l a r i e s .  In the s p i ra l  colon the normal 
t a l l  columnar c e l l s  o f  the sur face  and c ryp t  e p i th e l iu m  were replaced  
in areas by low cuboidal  or low columnar e p i th e l iu m .  There was 
d i s t o r t i o n  o f  the c ryp t  morphology and a marked reduct ion  in the number 
of  g o b le t  c e l l s  w i t h i n  the c r y p t s .  In those calves  k i l l e d  a t  72-96  
hours a f t e r  ora l  in o c u la t io n  there-was a marked recovery  o f  v i l l o u s  
and e p i t h e l i a l  morphology a t  a l l  l e v e ls  of  the i n t e s t i n e  w i th  very  
few v i r a l  p a r t i c l e s  de tected  by immunofluorescence (Mebus and o th e r s ,  
1973a; Doughri and S t o r z ,  1977; Br idger  and o th e rs ,  197 8 ) .
Mebus and others  (1973^ descr ibed the i n t e s t i n a l  les io n s  o f  
fo u r  co lost ru m - fed  ca lves  w i th  serum n e u t r a l i s a t i o n  t i t r e s  to  
coronavirus  o f  537,  646,  324 and 537,  o r a l l y  inocula ted  w i th  
coronavirus  a t  f o u r ,  f i v e  and t h i r t e e n  days o l d .  Although d iarrhoea  
occurred ,  the les ions  were much less severe than those found in 
s i m i l a r l y  chal lenged g n o t o b io t ic  or  co lost rum-depr ived  c a lv es ,  being  
confined to the  lower small i n t e s t i n e  and the co lon .  The v i l l i  were 
shortened and the  v i l l o u s  e p i th e l iu m  was covered by low cuboidal  c e l l s .
In the  s p i r a l  colon the columnar e p i th e l iu m  o f  the crypts  was replaced  
to  a v a r i a b l e  degree by cuboidal  c e l l s ,  but the  sur face  e p i th e l iu m  
r e ta in e d  i t s  t a l l  columnar s t r u c t u r e .  There were m i ld  inf lammatory  
changes in the c o lo n ic  lamina p ropr ia  w i th  a s l i g h t  i n f i l t r a t i o n  o f  
n e u t ro p h i ls  and lymphocytes,  Coronavirus was detected  by 
immunofluorescence in the v i l l o u s  e p i t h e l i a l  c e l l s  o f  the  small 
i n t e s t i n e  and the  s u p e r f i c i a l  and c ryp t  e p i t h e l i a l  c e l l s  o f  the co lon .
In a ttempts  to  reso lve  t h i s  h ig h ly  complex s i t u a t i o n  
concerning the i n f e c t i o u s  aspect o f  neonatal  c a l f  d ia r r h o e a ,  Acres ,
L a in g ,  Saunders and R a d o s t i ts  (1975) examined the faeces from beef  
calves  in a 48 cow herd a t  i n t e r v a l s  up to ten days o f  age and M or in ,  
L a r i v i e r e  and Lai  l i e r  (1976) examined 55 moribund or dead calves  up to  
two weeks o f  age.  Acres and others  (1975) c o l le c t e d  samples o f  faeces  
from 40 ca lves  a t  one, f i v e  and ten days o f  age,  o r ,  as soon as poss ib le  
a f t e r  the onset o f  d ia rrho ea  and the d i s t r i b u t i o n  o f  the  enteropathogenic  
agents demonstrated in t h i s  survey is shown in Table  2.  T h i r t y - t w o  
o f  the 40 calves  became d i a r r h o e i c  before  ten days of  age and 11 o f  the  
32 calves  developed d ia rrhoea  when on ly  one day o ld .  E ight  o f  the
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TABLE 2
Enteropathogenic  agents demonstrated in the faeces of  
32 d i a r r h o e i c  beef suckier  calves
___________In fe c t io u s  agent_______________________________Number o f  calves
*  Enteropathogenic  E . c o l i  only  7
Rotav irus  only 6
*  Enteropathogenic  E . col i + R otav i rus  4
(l Normal c a l f )
Rotav i rus  + Coronavirus  2
Rotav i rus  + Bovine v i r a l  d ia rrhoea  v i ru s  1
Enteropathogenic  E. c o l i  + Rotav i rus
+ Coronavirus 1
C i t r o b a c t e r  + Rotav i rus  + Bovine v i r a l
d ia rrho ea  v i ru s  1
No p o t e n t i a l l y  en teropathogen ic  agent i s o la te d  11
The f o l lo w in g  agents were not demonstrated in any o f  the calves  
or  t h e i r  dams:- Salmonel1 a species;  In f e c t io u s  bovine  
r h i n o t r a c h e i t i s  v i r u s ;  P arvo v i ru s ;  Adenovirus; P ara in f lu e n za  3 
v i r u s ;  Chiamydia species.
*  Capable of  causing d i l a t a t i o n  o f  c a l f  i s o la t e d  i n t e s t i n a l  loops
* *  Enteropathogenic  E. col i i s o la te d  p r io r  to  r o t a v i r u s  i s o l a t i o n .
Ref,  Acres and o th e r s ,  1975< 
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11 calves  which became d i a r r h o e i c  a t  one day old were e x c r e t in g  
enteropathogenic  E. c o l i  or  a C i t  robacter  organism when sampled a t  32 
hours o f  age.  Nineteen o f  the  64 (30%) s t r a in s  o f  E„ col I recovered  
from d i a r r h o e i c  ca lves  were enteropathogen ic  but on ly  one o f  the  72 
( 1 . 5%) s t r a in s  o f  E. c o l Î i s o la t e d  w i th  calves  w i th  normal faeces  
were en te ropathogen ic .  No enteropathogen ic  s t r a in s  o f  E. col i were 
i s o la te d  from calves  more than seven days o ld .  Calves from which 
enteropathogenic  E. c o l i  on ly  were i s o la t e d ,  were d i a r r h o e i c  f o r  an 
average o f  3 . 4  days.  None o f  the  e ig h t  s t r a in s  o f  E. col Î i s o la te d  
from the a d u l t  cows was e n te ropathogen ic .
R o ta v i ru s  was is o la t e d  main ly  from calves between f i v e  and 
ten days o ld .  Those s ix  ca lves  from which r o t a v i r u s  only was i s o la te d  
were d ia r r h o e i c  fo r  an average o f  5 .2  days.  In ca lves  from which both 
enteropathogen ic  E . col i and r o t a v i r u s  were i s o la t e d ,  the ente ropathogen ic  
E. c o l i  were i s o la te d  p r i o r  to  the demonstrat ion o f  r o t a v i r u s .  Calves  
from which no ente ropathogen ic  agents were i s o la te d  were d i a r r h o e i c  
f o r  an average o f  2 .3  days be fore  ten days o f  age and were m ain ly  
between seven and ten days o ld  when the  d ia rrhoea  commenced. Three  
o f  the  40 calves  d ie d ,  when f i v e ,  12 and 47 days o l d .  Both 
enteropathogen ic  E. col i and r o t a v i r u s  were i s o la te d  from the  c a l f  
which died a t  f i v e  days; en teropathogen ic  E. c o l i  o n ly  were i s o la t e d  
from the c a l f  which d ied a t  12 days of  age and which had been d i a r r h o e i c  
from one day o ld ;  r o t a v i r u s  was i s o la t e d  a t  seven days o f  age from the  
c a l f  which died when 47 days old a f t e r  bouts o f  i n t e r m i t t e n t  d ia r rh o e a .  
Although th e re  was a good c o r r e l a t i o n  between the  i s o l a t i o n  of  
enteropathogen ic  E . c o l i  and the  onset o f  d ia r rh o e a ,  the authors  
concluded t h a t  " th e r e  was no c o n s is te n t  p a t te r n  o f  onset or d u ra t io n  
o f  d ia rrhoea  in ca lves  which excre ted  d i f f e r e n t  agents" .
Of the 55 d a i r y  and beef calves  less than two weeks o ld ,  
examined p a t h o l o g i c a l l y  and m ic r o b io lo g 1ca11 y by Morin and o thers  (1976)
34 were moribund and were destroyed immediately p r i o r  to  exam inat ion .
The o th e r  21 had been dead f o r  a v a r i a b l e  t ime p r i o r  to  exam inat ion .
No s p e c i f i c  d iagnosis  was poss ib le  f o r  20 c a lv e s ,  the m a jo r i t y  o f  which 
had been submitted dead. The diagnoses presented f o r  the remaining
35 calves  a re  presented in Table  3.  The s ix  ca lves  from which E. col i
o n ly  were i s o la te d  were between two and seven days o f  age.
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P a t h o l o g ic a l / a e t i o l o q î c a l  diagnoses o f  55 d ia r r h o e i c  calves
less  than two weeks o ld .
Diaqnos i s Number of  calves
E. c o l i 6
Cryptospor Î d i urn 5
Reo-1i  ke v i  rus 1
Corona-1 ike vi  rus 2
E, col i + r e o - l i k e  v i ru s 4
Reo-1i  ke vi  rus + corona -1 ike vi  rus 5
Reo-1 ike  vi rus + 
+
c o ro n a -1 ike v i ru s  
Cryptospor  i d i urn 3
Reo-1 ike  v i r u s  + Cryptospor id ium 2
Reo-1 ike  v i ru s  + 
+
corona -1 ike y i rus 
I .B . R ,  v i ru s 1
C o ro n a - l i k e  v i r u s + Cryptospor id ium 1
C o ro n a - l i k e  v i r u s + mycotic  abomasi t is 1
Mycot ic  abomasi t is 3
Mycot ic  rum eni t is + Ret i c u l i t  is 1
Undetermined ( inc l . 19 ca lves  submitted dead) 20
Ref:  Morin and o thers  (1976)
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Enteropathogenic  s t r a in s  o f  E. c o l i , as judged by the d i l a t a t i o n  o f
i s o la t e d  i n t e s t i n a l  loops,  were i s o la t e d  from only  two c a lv e s .  The 
m a jo r i t y  o f  ca lves  in which r o t a v i r u s  or coronavirus  were demonstrated  
were between f i v e  and 14 days o f  age.  in t h i s  aspect  both s tud ies  
(Acres and o th e r s ,  1975; Morin and o th e r s ,  1976) d i f f e r  from previous  
stud ies  which suggested t h a t  r o t a v i r u s  i n f e c t i o n  occurred mainly  
during the f i r s t  week o f  l i f e  (Mebus and o th e rs ,  1971; McNulty ,  
McFerran,  Bryson, Logan and Curran,  1976; M cClurk in ,  1 977 ) .  One 
I n t e r e s t i n g  f e a t u r e  reported  by Morin and others  (1976) was the f i n d i n g  
o f  numerous cocc id ia  of  the genus Cryptospor Idium on the m ic r o v i l lo u s  
border o f  the e p i t h e l i a l  c e l l s  in the  middle and lower small i n t e s t i n e  
o f  f i v e  c a lv e s .  The v i l l i  in the a f f e c t e d  areas were shor te r  than  
normal,  but th e re  was minimal damage to  the e p i t h e l i a l  c e l l s  which 
were e i t h e r  normal t a l l  columnar or a t  worst low columnar. A c e l l u l a r  
i n f i l t r a t i o n  o f  the lamina p ropr ia  was p resen t .  The ages o f  a f f e c t e d  
calves  were between f i v e  and 15 days. Previous repor ts  of  
C ry p to s p o r id io s is  assoc ia ted  w i th  neonatal  d ia rrhoea  had been confined  
t o  one c a l f  (Meuten and o t h e r s ,  1974; Schmitz and Smith,  1975 ) .
In a survey o f  35 beef herds in western Canada, Acres,  
Saunders and R a d o s t i ts  (1977) examined faecal  samples from 181 
d i a r r h o e i c  and n o n -d ia r r h o e ic  ca lves  less than 30 days o ld  and 
i s o la t e d  ente ropathogen ic  E. c o l i  from 11 herds (31%),  r o t a v i r u s  from 
13 herds (37%), and both agents from 5, herds (14 .3%).  The o v e r a l l  
prevalence ra tes  f o r  both agents were found to  be s i m i l a r  but 81 per  
cent o f  calves e x c r e t in g  ente ropathogen ic  E . c o l i  were less than f i v e  
days o ld ,  al though en teropathogenic  E . col I were i s o la t e d  from ca lves  
between one and 11 days o l d .  On the other  hand r o t a v i r u s  was 
demonstrated in the faeces o f  calves  between th re e  and 30 days o ld .  
R o tav i ru s  could be i s o la t e d  from the  faeces o f  d i a r r h o e i c  and non- 
d i a r r h o e i c  c a lv e s ,  but ente ropathogen ic  E . c o l i  were is o la t e d  only  
from d ia r r h o e i c  c a lv e s .  No a t tem pt  was made to  demonstrate  
co ro n av i ru s ,  but th e re  was no evidence o f  Salmonel1 a , i n f e c t i o u s  bovine  
r h i n o t r a c h e i t j s ,  bovine v i ru s  d ia rrho ea  or p a ra in f lu e n z a  3 v i ru s  
i n f e c t i o n .
I t  must a l re a d y  be apparent  t h a t  colostrum, the  f i r s t  m i l k  
secreted fo l lo w in g  p a r t u r i t i o n ,  or " t h a t  creamy o i l y  substance c a l l e d  
be est ings"  (Dobson, 1872) plays an important ro le  in neonatal  d isea se ,
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In the  surveys in to  neonatal  c a l f  m o r t a l i t y  both the method by and the  
t ime a t  which the  f i r s t  feed o f  colostrum was given had a very  
s i g n i f i c a n t  in f lu e n c e  on whether or not calves survived the neonatal  
per iod  (Lovel l  and H i l l ,  1940; W i th e rs ,  1952c; Leech and o t h e r s ,  1968;  
Oxender and o th e r s ,  1 97 3 ) .  A lso ,  in the possib le  r o l e  o f  in d iv id u a l  
i n f e c t io u s  agents in the  a e t io l o g y  o f  the neonatal  c a l f  d ia rrhoea  
syndrome, importance was placed upon whether calves  were co lost ru m - fed  
or co lo s t ru m -d ep r ive d .
As e a r l y  as 1857,  L iv in g s to n e  (1 857) observed t h a t  suck l ing  
calves  appeared to  be r e s i s t a n t  to  t s e ts e  f l y  a t t a c k  f o r  the  f i r s t  few 
weeks o f  l i f e  and Chauveau (1888) observed th a t  lambs born to  ewes 
which had been vacc inated  a g a in s t  an th ra x  during  g e s t a t io n  were 
r e s i s t a n t  to  the d isease ,  in 1897 Jensen (1897) repor ted  t h a t  calves  
were more l i k e l y  to  d ie  when fed b o i le d  m i lk  than when fed colostrum.  
However, the importance o f  colostrum was d r a m a t ic a l l y  i l l u s t r a t e d  in 
an experiment reported  by Smith and L i t t l e  in 1922; one group of ten  
calves  was fed colostrum a t  b i r t h  and a second group o f  12 ca lves  was 
fed only m i lk  a t  b i r t h  i . e .  co los t ru m -dep r ive d ;  nine o f  the 12 
co lost ru m -dep r ived  ca lves  d ie d ,  whereas a l l  ten o f  the  c o lost rum -fed  
calves  surv ived the f i r s t  th r e e  weeks o f  l i f e  (Smith and L i t t l e ,  1922a) .  
L a t e r ,  Aschaffenburg,  B a r t l e t t ,  Kon, Roy, Sears,  Ingram, Lovel l  and 
Wood (1952) co n v in c in g ly  demonstrated th a t  colostrum d e p r iv a t io n  almost  
i n v a r i a b ly  r e s u l t s  in death when 22 o f  24 c o lost rum-depr ived  c a lv e s ,  
housed under id e n t ic a l  c o n d i t io n s ,  died w i t h i n  th ree  weeks o f  b i r t h .
I t  is  p o s s ib le  to  separa te  serum p ro te in s  in t o  several  
d i f f e r e n t  components in an e l e c t r i c a l  f i e l d  because o f  the d i f f e r e n t  
e l e c t r i c a l  charges on the  molecules making up these components, and 
a d u l t  bovine serum can be separated in to  four major components, 
a lbumin ,  which migra tes  towards the anode o f  an e l e c t r i c a l  f i e l d  
f a s t e r  than any o th e r  component, a lp h a g lo b u l in ,  b e ta g lo b u l in  and 
gammaglobulin,  the  slowest m ig ra t in g  f r a c t i o n  ( I r f a n ,  1 963 ) .  Ant ibody  
a c t i v i t y  res ides  w i t h i n  the  gammaglobulin f r a c t i o n  ( T i s e l i u s  and Kabat,  
1939; Smith, 1946; Smith and Holm, 1948 ) .  The gammaglobulin f r a c t i o n  
can be f u r t h e r  separated i n to  fo u r  components having immune a c t i v i t y ,  
immunoglobulin ( IgG ^) ,  immunoglobulin G  ^ (IgG^) , immunoglobulin A 
(IgA) and immunoglobulin M ( IgM ) ,  ( B u t l e r ,  W in ter  and Wagner, 1 971 ) .  
E a r ly  workers used s a l t  f r a c t i o n a t i o n  to  separate  serum p r o t e in s ,
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y i e l d i n g  two main f r a c t i o n s ,  pseudoglobul in  and e u g lo b u l in  (Howe, 192 1 ) .  
The pseudoglobulins were the  serum pro te in s  p r e c i p i t a t e d  by sodium 
s u lp h a te ,  and a re  e q u iv a le n t  to  the gammaglobulin f r a c t i o n  o f  serum 
separated by e le c t r o p h o r e s is  or  the immunoglobulins , G^ and A 
separated by immunochemistry. The e u g lo b u l in  p ro te in s  were in s o lu b le  
in water  and c o n s is t  l a r g e l y  o f  immunoglobulin M (Mukkur and Froese ,  
1971) .  Smith (1946) examined both bovine colostrum and plasma 
e l e c t r o p h o r e t i c a l 1 y and introduced the  term "immune l a c t o g l o b u l i n "  to  
d esc r ibe  those p ro te in s  o f  c o lo s t r a l  whey which were o f  low 
e l e c t r o p h o r e t i c  m o b i l i t y  and which were assoc ia ted  w i th  the  immune 
a c t i v i t y  o f  colostrum. Smith (1946) suggested t h a t  a l though the  
c o lo s t r a l  g l o b u l in  was c lo s e l y  r e l a t e d  to  serum gammaglobulin they  
were not i d e n t i c a l .  However f u r t h e r  s tudies  have shown th a t  t h i s  
d i f f e r e n c e  is on ly  q u a l i t a t i v e  and the term "immune l a c t o g l o b u l i n "  has 
been dropped in favour  o f  immunoglobulin to  descr ibe  those p ro te in s  o f  
m i l k  which possess immune a c t i v i t y  (Rose, Brunner ,  K a lan ,  Larson,  
Melnychyn, Swaisgood and Waugh, 1970 ) .
The absence o f  the gammaglobulin f r a c t i o n  In the serum of  
newborn calves  and i t s  appearance f o l lo w in g  the  ingest ion  o f  colostrum  
has been re p ea te d ly  demonstrated by techniques c u r r e n t l y  a v a i l a b l e  a t  
the  t ime o f  the  s tu d ie s ,  e . g .  s a l t  f r a c t i o n a t i o n  (Langer,  1907; Howe, 
1921) ,  e le c t r o p h o r e s is  (Jameson, A lvarez -Tos tado  and S o r to r ,  1942;
Hansen and P h i l l ips ,  1947a; 1949; Smith and Holm, 1 9 4 8 ; .  Poison, 1952;  
P ie r c e ,  1955; Johnson and P ie r c e ,  1959) and Immunoelectrophoresis  
(S teck,  1962 ; Ward-Cox, 1968; Merrlman, 1971 ) .  G e n e ra l ly  these  
s tu d ie s  were q u a l i t a t i v e  and used merely  to  i l l u s t r a t e  a normal 
p h y s io lo g ic a l  process w i th  no a t tem pt  being made to  q u a n t i t a t e  the  
amount o f  p ro te in  absorbed.
The e s t im a t io n  o f  the concentra t ions  o f  the var ious p r o te in  
f r a c t i o n s  in serum, in c lu d in g  gammaglobulin,  by d e te rm in a t io n  o f  the  
t o t a l  serum p r o t e in  and e le c t r o p h o r e s is  is a u n iversa l  technique but 
I t  has the major drawback o f  r e q u i r in g  s o p h is t ic a te d  equipment and 
s k i l l e d  techn ica l  a s s is t a n c e .  There fore  more rap id  methods of  
determin ing the c o n ce n t ra t io n  o f  gammaglobulin In serum have been 
sought.  Three o f  the methods which have been descr ibed have employed 
p r e c i p i t a t i o n  of  the gammaglobulin f r a c t i o n  by d i l u t e  s a l t  s o lu t io n s ,  
z in c  s u lphate ,  (Aschaffenburg,  1949; P a t te rso n ,  1967; McEwan, F is h e r ,
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Selman and Penhale ,  1970b),  sodium s u lp h i t e  (P a t te rso n ,  1967; Stone 
and G î t t e r ,  1969) and iod ine  a g g l u t i n a t io n  (P a t te rso n ,  1967 ) .  The
d e te rm in a t io n  o f  the  serum gammaglobulin c o n ce n tra t io n  by r e f ra c to m e t ry  
has a ls o  been descr ibed (McBeath, Penhale and Logan, 1971; Reid and 
M a r t i n e z ,  1975; Nay lor  and K r o n f e ld ,  1977 ) .  The measurement o f  the  
c o n ce n tra t io n  o f  in d iv id u a l  immunoglobulins in the  sera o f  young ca lves  
by the  r a d ia l  immunodiffusion method and t h e i r  c o r r e l a t i o n  w i th  values  
obta ined by the  z in c  su lphate  t u r b i d i t y  t e s t  have a ls o  been reported  
(McEwan and o th e r s ,  1970b).
Aschaf fenburg ,  B a r t l e t t ,  Kon, Walker,  B r iggs ,  Cotchin and 
L o v e l l  ( 1949b) claimed t h a t  the  feed ing of  as l i t t l e  as 80 ml o f  the  
n o n - f a t t y  f r a c t i o n  o f  colostrum to  newborn calves  was s u f f i c i e n t  to  
prevent death from col I s e p t ic a e m ia . However, Fey and Margadant (1961) 
employed Immunoelectrophoresis semi q u a n t i t a t i v e l y to  demonstrate t h a t  
21 o f  22 calves which had died o f  c o l is e p t ic a e m ia  were 
agammaglobulinaemic or s e v e re ly  hypogammaglobulinaemic; a l l  22 ca lves  
were said to  have rece ived  co lost rum.  Gay, Anderson, F isher  and 
McEwan (1965a) found th a t  53 o f  178 calves  less than fo ur  days old  
which had been purchased a t  local  markets in the west o f  Scot land were 
. agammaglobulÎ naemic or markedly hypogammaglobul inaemic by a z inc  
sulphate  t u r b i d i t y  t e s t  and t h a t , o f  the  agamma- or hypogammaglobul1naemic 
group, 36 per cent subsequently died of  c o l Is e p t i c a e m ia .  A t o t a l  o f  
1 7 .4  per cent o f ' t h e  calves  died o f  c o l is e p t ic a e m ia  or from some o th e r  
cause, but those t h a t  d ied were those calves  w i th  low serum 
c once ntra t ions  o f  gammaglobulins. McEwan, F isher  and Selman (1970a) 
extended the  survey o f  415 ca lves  and found a wide range of  
gammaglobulin c oncentra t ions  from 0 to in excess o f  60 ZST u n i t s .  With  
two exceptions the  58 deaths due to  col I septicaemia  occurred w i t h i n  the  
group o f  calves w i th  less than 10 ZST u n i ts  o f  gammaglobulin.  The 
o v e r a l l  m o r t a l i t y  r a t e  was 3 1 .8  per cent  and deaths due to  o ther  causes,  
m ain ly  d ia r rh o e a ,  were confined to  those calves  w i th  the  lowest  
conce ntra t ions  o f  gammaglobulin.
Dam (1968) examined sera o f  25 calves  from herds where deaths  
due to  c o l is e p t ic a e m ia  were a major problem and found no s i g n i f i c a n t  
d i f f e r e n c e  between the gammaglobulin co n ce n tra t io n  o f  calves  which died  
of  col isept icaemia  and those which s urv ived ,  a l though the means fo r  
both groups o f  0.51g/100ml  and 0.33g/100ml were very low. One c a l f  
which had a gammaglobulin c o n ce n t ra t io n  of  3.01g/100ml v/as excluded  
from the  c a l c u l a t io n s  as being abnormal ly  h igh! From these f i n d i n g s ,
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Dam concluded t h a t  hypogammaglobulî naemia was o f  no importance in the  
pathogenesis of  c o l is e p t i c a e m ia .
In a farm survey o f  serum immunoglobulin c once ntra t ions  In 
d a i r y  h e i f e r  ca lves  less than one week o l d ,  Selman and o thers  (1971a) 
found t h a t  calves  born in f i e l d s  had s i g n i f i c a n t l y  h igher  serum 
immunoglobulin c oncentra t ions  than calves  born in byres or boxes.  In 
the  same survey i t  was a ls o  demonstrated th a t  the m o r t a l i t y  r a t e  of  
calves  born in byres was 15 per cent but the m o r t a l i t y  r a t e  o f  ca lves  
born in f i e l d s  was on ly  th ree  per c e n t .  Boyd (1972) c a r r i e d  out a 
farm survey of  newborn ca lves  and a ls o  found th a t  m o r t a l i t y  and a high  
inc idence o f  d ia rrho ea  dur ing the f i r s t  four  weeks o f  l i f e  were r e l a t e d  
to  low concentra t ions  o f  serum immunoglobulins.  In a survey o f  ca lves  
born on the same farm dur ing fo u r  consecut ive  w i n t e r s ,  Boyd, Baker and 
Leyland (1974) found t h a t  ca lves  which developed f a t a l  d ia rrho ea  had 
s i g n i f i c a n t l y  lower c once ntra t ions  of  serum immunoglobulins than ca lves  
which remained normal.  Logan, McBeath and Lowman (1974a) found t h a t  
seven o f  30 beef  suck le r  ca lves  which had had f r e e  access to  t h e i r  dams 
were hypogammaglobulinaemic; two o f  the 30 calves  d ie d ,  both o f  which 
were s ev e re ly  d e f i c i e n t  in IgM. In another study o f  young calves  in a 
beef  herd,  i t  was demonstrated t h a t  those calves  which died o f  
i n f e c t i o u s  causes dur ing the  f i r s t  th re e  weeks o f  l i f e  had s i g n i f i c a n t l y  
lower serum concentra t ions  o f  IgG  ^ than ca lves  which remained normal 
(McGuire,  P f e i f f e r ,  Weikel and Bar tsch ,  1976 ) ,  Furthermore ,  i t  has 
been demonstrated t h a t  ca lves  w i th  t o t a l  serum concentra t ions  o f  
in d iv id u a l  immunoglobulins,  IgG, IgM and IgA o f  more than 30 mg/ml 
are  less  l i k e l y  to develop d ia rrho ea  than ca lves  w i th  serum 
conce n tra t io n s  of  less  than 30 mg/ml (McNulty and o th e r s ,  1976 ) .
Most o f  the surveys study ing the  r e l a t i o n s h i p  between serum 
immunoglobulin c o n c e n t ra t io n s  and disease have d e a l t  w i th  
c o l is e p t ic a e m ia  and neonatal  d ia rrho ea  but Thomas and Swann (1973) 
examined the e f f e c t  o f  the  p a s s iv e ly  acquired serum immunoglobulin  
conce ntra t ions  on the  inc idence of pneumonia. They found t h a t  the  
ca lves  which had serum immunoglobulin concentra t ions  o f  less  than 10 
ZST u n i ts  on admission to a re a r in g  u n î t  had the h ighest  m o r t a l i t y  
r a t e  o f  seven per cent and t h i s  group requ ired  the most t rea tm en t  f o r  
pneumonia. In a s i m i l a r  survey,  I rw in  (1974) c o r r e l a t e d  serum
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immunoglobulin c o n ce n tra t io n s  o f  calves  on admission to  a r e a r in g  u n i t  
w i th  d isease dur ing the s ix  weeks fo l lo w in g  admission and found t h a t  
11 per cent o f  ca lves  w i t h  serum immunoglobulin concentra t ions  o f  less  
than 20 ZST u n i t s  d ied compared to  a m o r t a l i t y  o f  1 ,5  per cent among 
calves  w i th  more than 20 ZST u n i t s .  W i l l i a m s ,  Spooner and Thomas 
(1975) measured the in d iv id u a l  serum immunoglobulin c o n cen tra t io n s  o f  
IgG^, IgGg, IgA and IgM o f  ca lves  which were approx im ate ly  two and a 
h a l f  weeks o f  age,  on admission t o  a re a r in g  u n i t ,  and found t h a t  low 
concen tra t io n s  o f  IgG^, 19^2  and IgA on e n try  were ass oc ia ted  w i th  a 
high incidence o f  pneumonia a t  ten weeks o f  age.  F o r t y - f i v e  per cent  
o f  those calves which developed pneumonia had had serum IgG  ^ concen tra t io n s  
o f  less than 8 mg/ml on e n t r y ,  whereas only  9 .5  per cent o f  ca lves  w i th  
serum IgG  ^ conce ntra t ions  o f  more than 8 mg/ml on admission l a t e r  
succumbed to  pneumonia.
In Sweden, H u r v e l1 and Fey (1970) demonstrated t h a t  m o r t a l i t y  
in purchased calves  as a r e s u l t  o f  sept icaem ia ,  d ia rrhoea  and pneumonia 
was r e la t e d  to low c o n cen tra t io n s  o f  serum immunoglobulins but a 
c ons iderab le  p ropo r t io n  (16%) o f  ca lves  which remained he a l th y  were 
a ls o  hypogammaglobulinaemic.  B a i le y  and McLean (1972) found t h a t  18 
per cent o f  calves  passing through A u s t r a l ia n  markets were 
hypogammaglobulinaemic but did not r e l a t e  t h i s  to any subsequent 
d i sease.
Surveys o f  c a l f  wastage have shown t h a t  m o r t a l i t y  is h igher  
during the l a t e  w in te r  housing per iod  (W ithers ,  1952b; Leech and o th e r s ,  
1968) .  An examinat ion o f  sera from 1 ,0 34  calves  less  than a week o ld  
purchased through local  markets in the  west o f  Scot land over a two year  
p e r io d ,  revea led  a very  pronounced seasonal v a r i a t i o n  in serum 
immunoglobulin c o n cen tra t io n s  w i th  peak conce ntra t ions  being present  
during the summer and e a r l y  autumn months and minimal concentra t ions  
o c cu r r in g  during  the  months o f  January ,  February and March (McEwan and 
o t h e r s ,  1970a) .  Smith, O 'N e i l  and Simmons (19&7) were unable to  
demonstrate such a marked seasonal v a r i a t i o n  in the  serum immunoglobulin  
conce ntra t ions  o f  a s m al le r  number o f  ca lves  a lthough calves  born during  
the  summer months tended to  have h igher  immunoglobulin c o n c e n t ra t io n s .  
However, H u rv e l1 and Fey (1970) recorded a h igher  frequency o f  
hypogammaglobulinaemia in ca lves  born in March and A p r i l ,  and Boyd 
( 1972) found t h a t  85 ca lves  born from October to  March had s i g n i f i c a n t l y
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lower serum immunoglobulin concentra t ions  than 113 calves  born from 
A p r i l  to  September.
Barber (1971,  1972,  1978) and Barber and MacLennan (1975) 
examined the t o t a l  serum gammaglobulin concentra t ions  o f  d a i r y  and 
suckled calves  and d isputed this c lose  a s s o c ia t io n  between gammaglobulin 
c o n ce n t ra t io n  and d is e a s e .  Barber and MacLennan (1975) determined the  
t o t a l  serum immunoglobulin conce n tra t io n s  o f  351 s in g le  suckled beef  
c a lv e s .  E i g h t y - f o u r  ca lves  were a f f e c t e d  by d ia rrho ea  and 23 o f  these  
died  but no r e l a t i o n s h i p  could be found between the  serum immunoglobulin 
c o n c e n tra t io n  and the eventual  f a t e  o f  the  c a lv e s .  Barber (1978) a ls o  
found t h a t  th e re  was no c o r r e l a t i o n  between serum immunoglobulin 
c o n ce n t ra t io n  measured by a z in c  su lphate  t u r b i d i t y  t e s t  and the  
subsequent performance o f  240 ca lves  admit ted to a re a r in g  u n i t .
E ighteen o f  the 240 calves  d ied but 12 o f  these were from the same 
group o f  40 and the author  f a i l s  to  comment on t h i s  very high m o r t a l i t y .
The p h y s io lo g ic a l  processes involved in the  t r a n s f e r  o f  
immunity from a d u l t  to  o f f s p r i n g  have been a sub jec t  o f  c o n s iderab le  
i n t e r e s t  to  s c i e n t i s t s  s ince  the l a t t e r  par t  o f  the n in e te en th  c e n tu ry .  
Fol low ing  Chauveau's (1888) ob s erv a t io n  th a t  lambs born to  ewes immunised 
a g a in s t  an thrax  were r e s i s t a n t  t o  the  d isea se ,  E h r l i c h  (1892) recorded  
th a t  newborn mice acquired  a passive  immunity to the t o x in s ,  r i c i n ,  
a b r in  and robin  v ia  the  m i lk  from mothers immunised ag a in s t  these  
t o x i n s .
In 1912,  Famulener (1912) reviewed the  e a r l y  l i t e r a t u r e  on 
m aternofoeta l  transmission  o f  immunity and examined the t r a n s f e r  o f  
sheep haemolysins from the blood o f  mother goats to  the k id s .  The 
main f in d in g s  were t h a t  the  serum o f  newborn kids conta ined  no 
haemolysins before  being perm it ted  to  suckle t h e i r  mothers;  t h a t  the  
serum o f  kids which rece ived colostrum r a p id ly  acquired  a high 
haemoly tic  t i t r e ;  t h a t  t h i s  t r a n s f e r  occurred v ia  the colost rum; and 
t h a t  the  a b i l i t y  to  absorb these haemolyt ic  a n t ib o d ie s  was present  f o r  
the  f i r s t  few days o f  l i f e  o n ly .  U n f o r tu n a te ly  from his  work w i th  
goats ,  Famulener (1912) assumed t h a t  in man the t r a n s f e r  o f  immunity 
from mother to  o f f s p r i n g  was a ls o  v ia  the colostrum. However, K u t tne r  
and Ratner (1923) demonstrated t h a t  the  t r a n s f e r  o f  d ip h t h e r ia  
a n t i t o x i n  from mothers to  newborn in fa n ts  occurred through the  p lacenta
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and t h a t  human colostrum had "no s ig n i f i c a n c e  whatever comparable to  
t h a t  revea led  by the  work o f  Theobold Smith and his  coworkers in the  
feed ing  o f  the newborn c a l f " .
Whether or  not t ransmiss ion o f  maternal  a n t ib o d ie s  to  the  
o f f s p r i n g  occurred before  or a f t e r  b i r t h  was c o r r e l a t e d  i n i t i a l l y  w i th  
the  vary ing  types o f  p l a c e n t a t io n  found in each s pec ies ,  (McGirr ,  1 94 7 ) ,  
but Brambell (1938) concluded from a se r ie s  o f  experiments on r a b b i t  
and r a t  foetuses t h a t  the  degree o f  t r a n s f e r  o f  a n t ib o d ie s  p r i o r  to  
b i r t h  is d i r e c t l y  c o r r e l a t e d  w i th  the  deve lopm ent ,pers is tence  and t ime  
o f  wi thdrawal o f  the y o lk  sac in to  the u m bi l ica l  cord.  Thus in the  
r a b b i t ,  and guineapig  in which the y o lk  sac is exposed to  the u t e r i n e  
lumen during most o f  the g e s t a t io n ,  transmiss ion o f  a n t ib o d ie s  occurs 
through the endodermal c e l l s  o f  the yo lk  sac and is not t r a n s p l a c e n t a l .  
In ruminants,  horses and pigs In which the y o lk  sac is withdrawn in to  
the um b i l ica l  cord e a r l y  in g e s t a t io n  no prenata l  t r a n s f e r  occurs and 
the t r a n s f e r  o f  a n t ib o d ie s  is t o t a l l y  p o s t n a t a l .  As the y o lk -s a c  is 
rudimentary  in man, i t  is impossible  f o r  transmiss ion  of  maternal  
a n t ib o d ie s  to occur v ia  the y o lk  sac and t r a n s f e r  in t h i s  species is 
through the p lacenta  (Brambel l ,  1 97 0 ) .  The route  and d u ra t io n  o f  
t ransmiss ion o f  pass ive immunity in several  species are shown in Tab le  4  
(Brambel 1 , 1970) .
Much o f  the  fundamental  work on the t r a n s f e r  o f  immunity in 
ruminants was c a r r i e d  out by Smith and his a ssoc ia tes  during  the  
decade from 1920 to  1930.  Using a s a l t  f r a c t i o n a t i o n  procedure,  Howe 
(1921 ) showed th a t  the  serum o f  newborn calves  conta ined very l i t t l e  
g lo b u l i n  but th a t  a rap id  increase in the eu g lo b u l in  and pseudoglobul in  
f r a c t i o n s  occurred a f t e r  the  inge st ion  o f  colost rum. At about the  
same t ime two o f  Howe’ s c o l le a g u e s .  L i t t l e  and O rcu t t  (1922) observed  
th a t  calves  which rece ived colostrum w i th  a high a g g l u t i n a t io n  t i t r e  
to  B ru c e l la  a b o r t u s , r a p id ly  acquired  these a g g l u t i n i n s  in the serum. 
O rcu t t  and Howe (1922) reported  an e x c e l l e n t l y  executed s e r ie s  of  
experiments in which,  using s a l t  f r a c t i o n a t i o n ,  they demonstrated  
th a t  the a g g l u t i n i n s  to  B r u c e l1 a abortus were assoc ia te d  w i th  the  
g lo b u l in  f r a c t i o n s  o f  both serum and colostrum. In the same y e a r ,  
Smith and L i t t l e  (1922a)publ ished t h e i r  c la s s ic a l  paper on the  
s ig n i f i c a n c e  o f  colostrum to  the newborn c a l f .  In the  fo l lo w in g  y e a r .
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TABLE 4
Route and d u ra t io n  o f  transmiss ion  o f  passive  immunity
Species
Prenata l  
Present Route Present
Postnata l
Route Durât ion
Fowl ++ Y o lk  sac ++ Yolk  sac 3d
Rat + Yolk  sac ++ Gut 20d
Mouse + ? Yolk  sac ++ Gut I6d
Gu i neapi g +++ Yolk  sac 0
Rabbi t +++ Yolk  sac 0
Hedgehog + Unknown ++ Gut 40 d
Dog + Unknown ++ Gut l - 2 d
Cat Unknown ++ Gut l - 2 d
Man and Monkey +++ Placenta 0
Horse 0 None +++ Gut 24 hr
Pig 0 None ■HH* Gut 24-36  hr
Ruminants 0 None +++ Gut 24 hr
R e f .  Brambell (1970)
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the  same authors  (Smith and L i t t l e ,  1923) reported t h a t  ca lves  fed  
serum w i t h i n  the f i r s t  few hours o f  l i f e  r e a d i l y  absorbed Brucel 1 a 
abortus a g g l u t i n i n s  from the  I n t e s t i n a l  t r a c t .  Smith (1930) 
demonstrated the  presence o f  a n t ib o d ie s  to  E . c o l i  in cows* colostrum  
and th a t  the co n ce n tra t io n  o f  these a n t ib o d ies  in the colostrum v a r ie d  
f o r  in d iv id u a l  cows. Smith (1930) a ls o  demonstrated t h a t ,  a t  
p a r t u r i t i o n ,  the co n c e n t ra t io n  o f . a n t i b o d i e s  to E. c o l i  in an in d iv id u a l  
cow's colostrum was g r e a t e r  than the  co n c e n tra t io n  o f  the same 
a n t ib o d ie s  in the serum. I t  was a ls o  shown t h a t  newborn ca lves  could  
absorb a n t ib o d ies  t o  E . col 1 when fed m i lk  mixed w i th  serum from cows 
immunised ag a in s t  c e r t a i n  s t r a in s  o f  E. c o l i  (Smith and L i t t l e ,  193 0 ) .  
A f t e r  the e a r l y  work o f  L i t t l e  and Orcut t  (1922) and Smith and L i t t l e  
( 1923 , 1930) ,  the demonstrat ion o f  the passive  t r a n s f e r  o f  in d iv id u a l  
a n t ib o d ie s  from colostrum to  the c i r c u l a t i o n  o f  the young ruminant by 
s e ro lo g ic a l  methods was a recognised technique and in some cases 
provided in v a lu a b le  p h y s io lo g ic a l  in fo rm a t io n .  Mason, B a i l in g  and 
Gordon (1930) demonstrated the  absorp t ion  o f  several  hetero logous  
a n t i t o x i n s  in both lambs and c a lv e s .  Other marker a n t ib o d ie s  have 
included d ip h t h e r ia  a n t i t o x i n s ,  Haemophilus p e r tu s s is  and Vacc in ia  
v i r u s  a n t ib o d ie s  (Smith and Holm, 1948 ) ;  TrIchomonas foetus  a n t ib o d ie s  
(Kerr and Robertson,  1946; 1954) ,■ B. abortus a n t ib o d ie s  and Salmonel 1 a 
d u b l in  a n t ib o d ie s  (Comline, Roberts and T i tc h e n ,  1951a) ,  Foot and 
Mouth v i ru s  a n t ib o d ie s  (Graves,  I 963) ,  and Rinderpest  v i ru s  a n t ib o d ie s  
(Singh, Osman, El Cîcy and Baz,. 1967 ) .
Smith and Holm (1948) not only  examined the  absorp t ion  o f  
var ious  a n t ib o d ie s  and a n t i t o x i n s ,  but a ls o  the catabol ism o f  these  
a n t ib o d ie s  in the young c a l f .  They c a lc u la t e d  the  h a l f - l i f e  of  
d ip h t h e r ia  a n t i t o x i n s  to  be 16-20 days and the h a l f - l i v e s  o f  
Haemophilus p e r tu s s is  and Vacc in ia  a n t ib o d ie s  to  be approximate ly  50 
days.  However the most s i g n i f i c a n t  step forward in the  understanding  
o f  the p h y s io lo g ic a l  process o f  absorpt ion  was provided by Comline and 
others  (1951a) studying the  absorpt ion  o f  B. abortus a g g l u t i n i n s .
Using the  B. abortus a g g l u t i n i n s  as a marker ,  Comline and o thers  (1951a) 
demonstrated t h a t  when c o l o s t r a l  whey was infused i n to  the  duodenum o f  
newborn c a lv e s ,  the c o l o s t r a l  immunoglobulins were absorbed through  
the  i n t e s t i n a l  lymphatic  system and entered the p e r ip hera l  c i r c u l a t i o n  
through the t h o r a c ic  duc t .  Maximum concentra t ions  o f  a g g l u t i n i n s  in 
the  t h o r a c ic  duct lymph f l u i d  occurred between two and th re e  hours
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a f t e r  in fu s io n  i n to  the duodenum, Comline and o thers  (1951a) a ls o  
demonstrated th a t  absorpt ion  o f  c o lo s t r a l  B. abortus a n t ib o d ie s  only  
occurred when they were infused in to  the small i n t e s t i n e  and not when 
infused in to  e i t h e r  the  abomasum or the  la rg e  i n t e s t i n e ,
Ba l four  and Comline (1962) s tudied the absorpt ion  o f  bovine
1 31serum gammaglobulin l a b e l l e d  w i th  r a d io a c t i v e  iod ine  (1 ) infused
in to  the  duodenum o f  calves  four  to  17 hours o f  age and confirmed t h a t  
absorp t ion  was p r i m a r i l y  through the  i n t e s t i n a l  lymphatic system.
Shannon and L a s c e l le s  (1968) a ls o  demonstrated t h a t ,  in the  
unanaesthetized  c a l f  a l lowed to  suckle  colostrum, absorpt ion  o f  
immunoglobulins occurred v ia  the i n t e s t i n a l  lym phat ics .  An increase  
in the immunoglobulin c o n c e n tra t io n  o f  the t h o r a c ic  duct lymph f l u i d  
was noted about 60 minutes a f t e r  suck l ing  and reached a maximum a t  
approximate ly  180 minutes a f t e r  s u c k l in g .  However the absorpt ion  o f  
a very small p ro p o r t io n  o f  immunoglobulins through the  por ta l  system 
has been noted (B a l four  and Comline,  1962; El-Nageh,  1967 ) .  In
c o n t r a s t ,  Kraehenbuhl and Campiche (1969) demonstrated t h a t  a n t ib o d ie s  
could be detected in the p o r ta l  blood and serum w i t h i n  15 to  30 minutes  
o f  in fu s io n  in to  the small i n t e s t i n e  of  p i g l e t s  and neonatal  r a ts  and 
suggested t h a t  the  po r ta l  system was the main route  of  a b so rp t io n .
The neonatal  r a t  is f r e q u e n t ly  used as an experimenta l  
animal fo r  the study o f  macromolecular a b so rp t io n ,  as the baby ra t  
cont inues to  absorb immunoglobulins u n t i l  i t  is 18 to  21 days o ld  
( H a l l i d a y ,  1955,  1956; Bangham and T e r r y ,  1 957 ) .  Using ever ted  
i n t e s t i n a l  sacs of  18 day o ld  r a t  i leum, Bamford (1966) provided  
q u a n t i t a t i v e  evidence o f  absorp t ion  o f  immunoglobulins in the d i s t a l  
small i n t e s t i n e .  Apparent c o n f i rm at io n  th a t  immunoglobulin absorpt ion  
occurred predominately  in the d i s t a l  small i n t e s t i n e  was given by 
h i s t o l o g i c a l  techniques by which macromqlecule s , such as immunoglobulins,  
s y n t h e t ic  dextrans and v i t a l  dyes,  could be demonstrated w i t h i n  the  
e p i t h e l i a l  c e l l s  o f  the  jejunum and ileum but not the a n t e r i o r  small 
i n t e s t i n e  (C la rk ,  1959,  1971; W i l l ia m s  and Beck, 1969; Graney,  1968;  
Clarke  and Hardy,  1969a) ,  However, W i l l ia m s  and Beck (1969) a lso  
showed t h a t  the  uptake o f  t rypan  blue by the  e p i t h e l i a l  c e l l s  o f  the  
d i s t a l  small i n t e s t i n e  occurred not only in the neonatal r a t  and 
f e r r e t ,  but a ls o  in the neonatal  r a b b i t  and gu ineap ig ,  species in 
which th e re  is no p o s t -n a ta l  t r a n s f e r  o f  immunity.
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There was one o th e r  f i n d i n g  which l e n t  support to  the view  
t h a t  absorpt ion  o f  immunoglobulins occurred in the  d i s t a l  small  
i n t e s t i n e .  At b i r t h ,  the i n t e s t i n a l  mucosa o f  the r a t  has an 
embryonic s t r u c t u r e  o f  t a l l  columnar c e l l s  w i th  many supranuclear  
vacuoles (C la rk ,  1959) and as the baby r a t  ages the i n t e s t i n a l  mucosa 
becomes p ro g re s s iv e ly  more a d u l t - l i k e  from the pylorus d i s t a l  1 y towards 
the  i leocaecal  v a lv e .  Thus in the f i v e  day o ld  r a t ,  the  e p i t h e l i a l  
c e l l s  in the duodenum resemble those found in the a d u l t  whereas those  
e p i t h e l i a l  c e l l s  in the  jejunum and i leum s t i l l  r e t a i n  many 
supranuclear  vacuoles (C la r k ,  1959 ) .  The replacement o f  c e l l s  takes  
place  from the  base o f  the v i l l u s  towards the apex,  and the t ime  
requ ired  fo r  the  complete replacement o f  vacuola ted  c e l l s  by mature 
non-vacuola ted c e l l s  on each v i l l u s  is approximate ly  th ree  days (C la rk ,  
1959,  1971; C la rke  and Hardy,  1969b).  This m a tura t ion  process is 
complete when the  young r a t  Is 18-21 days o ld ,  a t  the  same t ime as the  
c essat ion  o f  macromolecular a b s orp t ion  (C la rk ,  1959; Graney,  1968; 
Clarke  and Hardy, 1969b) .
Smith ( 1925) had noted the  presence o f  vacuoles in the  
e p i t h e l i a l  c e l l s  o f  the  i leum in ca lves  less than th r e e  days old and 
suggested t h a t  these vacuoles conta ined  p r o t e i n ,  Comline and others  
(1951b) confirmed t h a t  the e p i th e l iu m  o f  the ileum of  ca lves  n ine to  
36 hours o ld  conta ined vacuoles and by s p e c i f i c  h i s t o l o g i c a l  s t a in i n g  
demonstrated t h a t  these vacuoles  conta ined p ro te in  i d e n t i c a l  to  the  
c o lo s t r a l  whey p r o te in  in the  lumen of the i leum. Employing 
immunofluorescence, El-Nageh (1967) demonstrated t h a t  the  uptake o f  
bovine gammaglobulin by the i n t e s t i n a l  e p i t h e l i a l  c e l l s  o f  the young 
c a l f  was maximal in the  jejunum w i th  l i t t l e  uptake in e i t h e r  the  
duodenum or  the i leum. . H i l l  and Hardy (1956) were a ls o  a b le  to  
demonstrate vacuoles c o n ta in in g  p r o te in  in the  I n t e s t i n a l  e p i t h e l i a l  
c e l l s  of  young lambs and k ids  up to  36 hours old which had rece ived  
colostrum.  i t  has been shown t h a t  the small i n t e s t i n e  o f  the  young 
k id  comprises two zones; the f i r s t  zone included most o f  the duodenum 
and had the  appearance o f  a d u l t  small i n t e s t i n e ;  the second zone 
consis ted  of  the  re s t  o f  the small i n t e s t i n e  in which the nuc le i  o f  the  
e p i t h e l i a l  c e l l s  were f r e q u e n t l y  ap ica l  and many vacuoles,  o f t e n  
c o n ta in in g  p ro te in  were present w i t h i n  the  e p i t h e l i a l  c e l l s .  The 
uptake o f  po lyv iny l  p y r r o l id o n e  by the e p i t h e l i a l  c e l l s  could on ly  be
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detec ted  în the  d i s t a l  75 per cent o f  the small i n t e s t i n e .  With  
increas ing  age t h i s  uptake was r e s t r i c t e d  to  te rminal  25 per cent o f  
the small i n t e s t i n e  and had almost ceased by th re e  days o f  age (C larke  
and Hardy, 1971 ) .
In c o n t r a s t  t o  a l l  the published evidence Rodewald (1970) 
reported  t h a t  the absorp t ion  o f  homologous a n t ib o d ie s  in the ten day 
old  r a t  occurred in the proximal small i n t e s t i n e  only and t h a t  l i t t l e  
i f  any absorpt ion  occurred in the  d i s t a l  small i n t e s t i n e  even a lthough  
l a b e l l e d  immunoglobulin could be demonstrated w i t h i n  the  e p i t h e l i a l  
c e l l s  o f  the i leum. F u r th e r  s tud ies  by Rodewald (1973) confirmed  
t h i s  f in d in g  and in d ica te d  t h a t  the  immunoglobulin appeared to  be 
p r e f e r e n t i a l l y  bound t o  the ap ica l  plasma membrane a t  the  base of  the  
m i c r o v i l l i  on the  luminal  s u r fa c e ,  Rodewald po s tu la te d  t h a t  the  
immunoglobulin was then t ra n s p o r te d  through the  cytoplasm w i t h i n  coated  
v e s i c l e s  and discharged in to  the e x t r a c e l l u l a r  space a t  the  l a t e r a l  
c e l l  sur fa ces .
That  the  absorpt ion  o f  the  immunoglobulin occurs main ly  in 
the proximal small i n t e s t i n e  o f  the neonatal  r a t  has been confirmed by 
M o rr is  and M orr is  (1974,  1976b) who demonstrated t h a t  ra d io io d in a te d  
immunoglobulin in fused in t o  d i f f e r e n t  regions o f  the small i n t e s t i n e  
of  12 day old ra ts  was r e a d i l y  absorbed from the proximal and middle  
small i n t e s t i n e  in to  the blood stream. There was, however, no 
t ransmiss ion o f  undegraded, infüsed immunoglobulin from the i leum to  
the c i r c u l a t i o n .  L a t e r  i t  was shown th a t  approximate ly  40 per cent  
of  the immunoglobulins presented to  the e p i t h e l i a l  c e l l s  o f  the proximal  
small i n t e s t i n e  was t r a n s m i t te d  as i n t a c t  molecules whereas in the  
d i s t a l  small i n t e s t i n e ,  a l though the  in fused immunoglobulins were 
absorbed by the e p i t h e l i a l  c e l l s ,  about 90 per cent was degraded in to  
small molecular  weight  fragments and none was t ra n s m i t te d  in t a c t  
(M orris  and M o r r is ,  1977a,  1977b).  The exact s i t e  o f  a bsorpt ion  of  
immunoglobulins w i t h i n  the  small i n t e s t i n e  o f  the ruminant has not 
yet  been c l e a r l y  def ined (Hardy,  1969a; C larke  and Hardy, 1971) 
although h i s t o l o g i c a l  evidence in d ic a te s  t h a t  i t  may be the jejunum  
(El-Nageh, 1967; S t a le y ,  C o r le y ,  Bush and Jones, 1 972 ) ,
In those species in which t r a n s f e r  of  a n t ib o d ie s  from the  
mother t o  the o f f s p r i n g  occurs a f t e r  b i r t h ,  the c a p a c i ty  to  absorb  
those a n t ib o d ie s  is t r a n s i t o r y  (Table 4 ) .  Famulener (1912) repor ted
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t h a t  k ids depr ived o f  the dam's colostrum f o r  the f i r s t  two days o f  
l i f e  were unable to  absorb sheep red c e l l  haemolysins from the colostrum  
on the  t h i r d  day o f  l i f e .  Howe (1921 ) ,  Smith and L i t t l e  (1923) and 
Smith (1930) noted t h a t  ca lves  fed homologous serum w i th  a high  
a g g l u t i n i n  t i t r e  to  B. abortus showed no increase  in serum a g g l u t i n i n s  
when fed a t  2 .2 5 ,  3*25 and 18 days o ld .  Comline and others  (1951a) 
noted t h a t  ca lves  which were not given c o lo s t r a l  whey, w i th  B. abortus  
a g g l u t i n i n s  as a marker,  u n t i l  6 3 , 64 or  65 hours a f t e r  b i r t h  absorbed  
m inim al ,  i f  any,  q u a n t i t i e s  o f  these a g g l u t i n i n s ,  Hansen and P h i l l i p s  
(1947b) were unable to  increase  the serum g lo b u l in  c o n ce n tra t io n  o f  an 
agammaglobul inaemic c a l f  aged two weeks even a lthough the colostrum was 
in fused d i r e c t l y  in to  the  small i n t e s t i n e .
Deutsch and Smith (1957) at tempted to  suppress the  
development o f  g a s t r i c  a c t i v i t y  in calves  w i th  an aluminium hydroxide  
gel and probanthene m ix tu re  but were unable to d e te c t  the absorp t ion  
of  c o l o s t r a l  g l o b u l i n  fed to  ca lves  40 hours o ld .  In a sequel to t h i s  
study Smith and Erwin (1959) in fused c o lo s t r a l  g l o b u l in  d i r e c t l y  in to  
the duodenum o f  ca lves  6 ,  18,  and 48-60  hours old and were unable to  
d e te c t  any a bsorp t ion  o f  c o l o s t r a l  g lo b u l in  in those calves  fed a t  
48-60  hours.  The authors concluded t h a t  " g a s t r o i n t e s t i n a l  enzyme
development is not the pr imary  reason f o r  the i n a b i l i t y  o f  o ld e r  ca lves  
to  absorb immune p ro te in s  per se" .
In the unsuckled p i g l e t ,  th e re  is evidence to  suggest th a t  
the  a b i l i t y  to  absorb p ro te in s  p e r s is t s  f o r  a t  l e a s t  86 hours a f t e r  
b i r t h  (Lecce and Morgan, 1962) and p o ly v iny l  p y r o l l id o n e  f o r  65-85  hours 
a f t e r  b i r t h  (Lecce and Morgan, 1962; Hardy,  1969b) but t h a t  suck l ing  
o f  m i l k  br ings about a much e a r l i e r  cessat ion  of  t ransm iss ion  to  the  
blood o f  s p e c i f i c  a n t ib o d ie s  (Young and Underdahl , 1950; Speer,  Brown, 
Quin and Catron ,  1959 ) ,  o f  egg p ro te in s  (Lecce and Morgan, 1962) and of  
p o lyv in y l  pyrro l  idone (Lecce and Morgan, 1962; Hardy, 1969b).  However,  
even in unsuckled p i g l e t s  a s i g n i f i c a n t  f a l l  in the a bsorp t ion  of  
p o ly v in y l  p y r ro l id o n e  occurs between those p i g l e t s  fed a t  0 -5  hours old  
and those fed a t  15-20 hours o ld  (Hardy,  1969b),
The p h y s io lo g ic a l  processes which e f f e c t  the  t e r m in a t io n  o f  
the  t ransm iss io n  of  i n t a c t  immunoglobulins from the gut to  the  
c i r c u l a t i o n  have not y e t  been f u l l y  d e f in e d ,  Moog (1951) observed
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t h a t  th e re  was a marked increase  in a l k a l i n e  phosphatase in the  
duodenum o f  the young mouse between 13 and 18 days o f  age,  the t ime 
when cessat ion  of  absorp t ion  occurs In the young mouse. Subsequent ly ,  
i t  was shown t h a t  t h i s  increase in a l k a l i n e  phosphatase can be 
prematurely  induced by p a r e n t e r a l l y  admin is tered  s t e r o id  hormones 
(Moog, 1953; Moog and Thomas, 195 5 ) .  H a l l i d a y  (1959) noted th a t  
exogenous c o r t i c o s t e r o i d s  c ons iderab ly  reduced the absorpt ion  of  
a n t ib o d ie s  by the neonatal  ra t ,  and C la rk  (1959) observed th a t  
i n t r a p e r i t o n e a l  in je c t i o n s  of  c o r t iso n e  re s u l te d  in precocious  
m atura t ion  o f  the e p i t h e l i a l  c e l l s  and the premature cessat ion  o f  
macromolecular uptake by the e p i t h e l i a l  c e l l s  in the  middle region of  
the small i n t e s t i n e .  Both e f f e c t s  took about th ree  days to  deve lop.  
G i l l e t t e  and F i l k l n s  (1966) were unable to demonstrate any e f f e c t  on 
ant ibody  absorpt ion  when hydrocort isone  was in je c te d  in t ra m u s c u la r ly  
in to  newborn puppies,  but i f  pregnant b i tches were t r e a t e d  p a r e n t e r a l l y  
w ith  h ydroco rt isone ,  24 hours p r i o r  to  p a r t u r i t i o n ,  there  was a 
s i g n i f i c a n t  reduct ion  in the  puppies'  a b i l i t y  to  absorb a n t ib o d ie s .
Having demonstrated t h a t  immunoglobulin absorpt ion  in the neonatal  r a t  
occurred in the  a n t e r i o r  small i n t e s t i n e ,  M orr is  and Morr is  (1976a) 
found immunoglobulin absorpt ion  ceased in the  a n t e r i o r  small i n t e s t i n e  
th re e  days a f t e r  the i n t r a p e r i t o n e a l  i n j e c t i o n  o f  c o r t i s o n e ,b u t  the  
c o r t iso n e  s t i l l  induced the  precocious replacement o f  e p i t h e l i a l  c e l l s  
in the  d i s t a l  small i n t e s t i n e .  Parentera l  c o r t ic o s te r o n e  did not 
induce m atura t ion  o f  the e p i t h e l i a l  c e l l s  o f  the d i s t a l  small i n t e s t i n e  
but caused a t r a n s i t o r y ,  but marked, reduct ion  in immunoglobulin 
t ransmiss ion  in the a n t e r i o r  small i n t e s t i n e .  C la r k  (1971) demonstrated  
th a t  5-bromodeoxyurIdine would i n h i b i t  c o r t i s o l - in d u c e d  premature 
c lo sure  in the  middle region o f  the small I n t e s t i n e  o f  suck l ing  r a t s .
H a l l i d a y  (1959) observed th a t  maternal  d e p r iv a t io n  led  to  a 
marked reduct ion  in the d u ra t io n  o f  absorpt ion  in suck l ing  r a t s ;  C la r k  
(1971) noted,  on h i s t o l o g i c a l  examinat ion o f  the I n t e s t i n e  of  suck l ing  
r a t s ,  t h a t  hand l ing ,  sep a ra t io n  from the mothers or any environmental  
changes, led to  a reduct ion  in the  c apa c i ty  o f  the  i n t e s t i n a l  e p i t h e l i a l  
c e l l s  to  absorb macromolecules. I t  has a ls o  been shown th a t  the uptake 
of  po lyv iny l  p y r ro l id o n e  by the  e p i t h e l i a l  c e l l s  in the d i s t a l  small 
I n t e s t i n e  was much g r e a t e r  in neonatal  guineapigs which had been wel l  
groomed than in neonatal  gu ineapigs poor ly  groomed by the mothers
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(C larke  and Hardy,  1970 ) ,  Selman, McEwan and F isher  (1971b) observed  
th a t  calves which were a l lowed to  remain w i th  t h e i r  mothers absorbed 
more c o lo s t ra l  whey immunoglobulins than those calves  which were 
separated from t h e i r  mothers a t  b i r t h  and fed colostrum a t  the same 
r a t e  but mainta ined in i s o l a t i o n .
I t  has a ls o  been suggested th a t  the development o f  a pepsin-  
s e c re t in g  mucosa in the stomach o f  the young ra t  may a ls o  be involved  
in the te rm in a t io n  o f  a b so rp t io n .  H i l l  (1956) demonstrated t h a t  no 
pepsin is secreted by the  newborn ra t  but t h a t  when the r a t  is 18-21 
days th e re  is a rap id  development o f  the pepsin s ec re to ry  system and 
a c i d i t y  o f  the stomach contents  r a p id ly  increases.  In the newborn lamb 
p e p t ic  c e l l s  con ta in ing  pepsinogen were shown to  be present in the  
abomasal mucosa, but th e re  were few p a r ie t a l  c e l l s  ( H i l l ,  1956 ) .  The 
number o f  p a r i e t a l  c e l l s  increased over the f i r s t  th re e  days of  l i f e  
and pH o f  the  abomasal contents dropped from pH 7 .0  to  pH 3 . 0 .  Hardy 
( 1969c) noted t h a t  during the  f i r s t  24 hours o f  l i f e  th e re  was l i t t l e  
p r o t e o l y t i c  a c t i v i t y  w i t h i n  the lumen of  the c a l f ' s  i n t e s t i n e ,  but 
co ns iderab le  p r o te o ly s is  occurred in the  abomasum.
Having noted t h a t  30 per cent o f  calves  a l lowed f r e e  access to  
t h e i r  dams f o r  the f i r s t  12 to  18 hours f o l lo w in g  b i r t h  f a i l e d  to  absorb  
c o lo s t r a l  immunoglobulins,  K laus,  Bennet and Jones (1969) s ta ted  t h a t  
" the  de fe c t  under ly ing  the f a i l u r e  o f  c o lo s t ra l  g lo b u l in  absorpt ion  by 
some calves  is obscure" .  However, s tu d ies  c a r r i e d  out almost  
simultaneously  in B r i t a i n  and Denmark revealed t h a t  the two fa c to r s  
which have most in f lu e n c e  on the  absorpt ion  o f  c o lo s t r a l  immunoglobulins 
by the newborn c a l f  a r e ,  the age a t  which colostrum is  f i r s t  consumed 
and the mass of  c o lo s t ra l  immunoglobulins presented to  the  c a l f  
(Selman, 1969; Kruse,  1970b).
Selman (1969) fed th r e e  groups o f  ten calves  one feed only  o f  
a standard pool of  colostrum a t  one, f i v e  and nine hours post-partum a t  
55 ml/kg bodyweight and found a s i g n i f i c a n t  reduct ion  in absorpt ion  o f  
c o lo s t r a l  immunoglobulins between ca lves  fed a t  one hour and f i v e  hours 
and between calves  fed a t  f i v e  hours and nine hours,  Kruse (1970b) 
fed 14l  calves  a v a r i a b l e  volume o f  t h e i r  own dam's colostrum once only  
a t  2,  6,  10,  14 or 20 hours o f  age and demonstrated t h a t  absorp t ion
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decreased s i g n i f i c a n t l y  w i th  increas ing  age,  Kruse (1970b) found th a t  
the  co n c e n t ra t io n  o f  c o lo s t r a l  immunoglobulins in the serum o f  ca lves  
24 hours o ld  was p r i m a r i l y  dependent' on the mass o f  c o lo s t r a l  
immunoglobulins presented t o  the  c a l f .  Selman (1969) noted t h a t  th e re  
was a h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between the  immunoglobulin  
c o n ce n tra t io n  o f  colostrum fed to  calves  under c o n t r o l l e d  l a b o r a t o ry  
c o n d i t io n s  and the  subsequent c o n ce n t ra t io n  o f  absorbed immunoglobulins 
in the  c a lv e s '  serum. I t  fo l lo w s  t h e r e f o r e  th a t  the  volume o f  
colostrum o f f e r e d  to  the.newborn c a l f  is a ls o  very im por tan t .
E x t r a p o la t io n  o f  the  data presented by Selman (1969) suggested 
t h a t  the  i n t e s t i n e  o f  the  newborn c a l f  would be impermeable to
c o lo s t r a l  immunoglobulins when i t  was approximate ly  18 .5  hours o ld .
Penhale ,  Logan, Selman, F is h e r  and McEwan (1973) examined the  in d iv id u a l  
c lasses o f  immunoglobulins in the sera o f  calves  fed colostrum once 
only  a t  one, f i v e  and n ine hours post-partum and found t h a t  the  r a t e  o f  
c lo s u re  f o r  each c lass  d i f f e r e d ,  being f a s t e s t  f o r  IgG and slowest f o r  
IgA. However, by e x t r a p o l â t  ion ,Penhale  and others  (1973) deduced 
t h a t  the  newborn c a l f  was a b le  to  absorb IgG f o r  approx im ate ly  27 hours,
IgA fo r  22 hours,  but IgM f o r  only  16 hours.
B a l fo u r  and Comline (1962) found th a t  the r a t e  o f  abso rp t io n  
o f  immunoglobulins from the i n t e s t i n e  o f  the newborn c a l f  was in f luenced  
by the  s o lve n t  in which the  immunoglobulins were d is s o lv e d .  The 
absorp t ion  of  immunoglobulin was very  poor when the so lvent  was the  
c h lo r id e  s a l t s  o f  sodium, potassium, calc ium or  magnesium. Absorption  
o f  immunoglobulins was g r e a t l y  increased when the s o lven t  was a 
c o lo s t r a l  whey s o lu t io n  from which the heat coaguable p r o te in  had been 
removed, but the  a d d i t i o n  o f  sodium c h lo r id e  to  the c o lo s t r a l  whey 
s o lu t io n  reduced the a b s orp t ion  o f  the  immunoglobulins.  F u r th e r  s tu d ies  
by Hardy (1969a) conf irmed and extended these f in d in g s  using both r a d io -  
io d in a ted  p o lyv iny l  p y r r o l id o n e  and immunoglobulin.  I t  was found t h a t  
s o lu t io n s  o f  sodium or  potassium s a l t s  of  l a c t a t e ,  pyruvate  and c e r t a i n  
o th e r  s a l t s  o f  lower v o l a t i l e  f a t t y  ac ids produced absorp t ion  of  
immunoglobulins s i m i l a r  to t h a t  o f  c o lo s t r a l  whey s o lu t io n s  and th a t  
potassium is o b u t y r t a t e  was the  most e f f e c t i v e .  However, some o f  these  
a c t i v e  compounds were found in i n s i g n i f i c a n t  q u a n t i t i e s  in colostrum  
and the  lymphatic  f lo w  in the i n t e s t i n a l  lymphat ics  was much reduced
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by the presence o f  these compounds r e s u l t in g  in an o v e r a l l  reduct ion  in 
the  absorpt ion  o f  both marker compounds. I n t e r e s t i n g l y ,  Hardy (1969a) 
a ls o  found th a t  int ravenous in fus ions  o f  sodium L (+) l a c t a t e  promoted 
the  absorpt ion  of  a s o lu t io n  o f  r a d io - i o d in a t e d  p o ly v in y l  p y r ro l id o n e  
In water  which was infused in to  the duodenum.
Fo l lowing e i t h e r  the intraduodenal in fu s io n  or ora l  feed ing  
of  colostrum there  is a marked increase  in the f lo w  of  lymphat ic  f l u i d  
in the i n t e s t i n a l  lymphatic  vessels  (Comline and o t h e r s ,  1951a; Shannon 
and L a s c e l l e s ,  1 96 8 ) .  Hardy (1969a) demonstrated t h a t  the f lo w  of  
lymphatic  f l u i d  was much g r e a t e r  when human serum albumin was added to  
c o lo s t r a l  whey and the a d d i t i o n  o f  two per cent egg albumin to  the  
sodium or potassium s a l t s  of  the lower v o l a t i l e  f a t t y  ac ids  re s u l te d  
in much g r e a t e r  f lo w  ra te s  o f  lymphatic  f l u i d  w i th  a much higher  t o t a l  
recovery o f  l a b e l l e d  immunoglobulin from the  i n t e s t i n a l  t r a c t .
During the per iod o f  i n t e s t i n a l  p e r m e a b i l i t y ,  the young c a l f  
has the  a b i l i t y  to  absorb from the i n t e s t i n a l  t r a c t  a wide v a r i e t y  o f  
both la rg e  and small molecules ,  immunoglobulins,  dextrans  and s y n t h e t ic  
polymers,  i n s u l i n ,  and albumin (P ie rc e ,  1961; Ba l four  and Comline,
196 2 ; P ie r c e ,  R is d a l l  and Shaw, 1964; Hardy,  1969a; Hardy, 1969c) .  
in c o n t r a s t ,  the a b s o rp t iv e  e p i th e l iu m  o f  the young ra t  appears to  be 
h ig h ly  s e l e c t i v e  between d i f f e r e n t  molecules.  H a l l i d a y  (1955) found 
th a t  both r a t  and mouse a n t ib o d ie s  to  S, pul 1orum were t ra n s m it te d  from 
the gut o f  the neonatal  r a t  w i th  equal f a c i l i t y ,  but t h a t  r a b b i t  
a n t ib o d ie s  to  B. abortus  were t ra n s m it te d  only p o o r ly .  Ant ibod ies  to  
B. abortus ra ised  in c a t t l e  were not even t r a n s m i t te d  in d e te c t a b le  
q u a n t i t i e s .  Fur thermore,  H a l l i d a y  and Kekwick ( i960) observed th a t  
the  gut o f  the young r a t  showed s e le c t io n  between a n t ib o d ie s  to  
d i f f e r e n t  antigens produced in heterologous species and th a t  th e re  was 
a ls o  a v a r i a t i o n  in the absorpt ion  o f  a n t ib o d ie s  produced a t  d i f f e r i n g  
t imes in the immune response.  M o rr is  (1967, 1969) demonstrated t h a t  
bovine B. abortus a n t ib o d ie s  o f  the IgG^ sub-c lass  were more r e a d i l y  
absorbed by the neonatal  r a t  than a n t ib o d ies  o f  the IgG  ^ s u b -c la s s .
This  lac k  o f  s e l e c t i v i t y  o f  the c a l f  a b s o rp t iv e  e p i th e l iu m  is 
probably respons ib le  f o r  the p r o t e i n u r i a  which is present in ca lves  less  
than th re e  days o ld .  Smith and L i t t l e  (1924) and Howe (1924) demonstrated
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an obvious a s s o c ia t io n  between the  feeding of co lostrum and presence of  
p r o t e in  in the u r in e  o f  ca lves  less  than th ree  days o ld .  E a r l i e r  
Langste in  and Neuberg (1907) had observed th a t  a p r o t e i n u r i a  occurred  
in newborn calves  but f a i l e d  to  a s s o c ia te  t h i s  p r o t e i n u r i a  w i th  the  
feed ing  o f  co lostrum.  Smith and L i t t l e  (1924) were unable to d e te c t  
any p ro te in  in the u r in e  o f  newborn calves  which had been fed m i l k .
They a ls o  noted t h a t  no p r o t e in  could be detected  in the u r in e  o f  
calves  more than th re e  days o ld .  Deutsch and Smith (1957) concentra ted  
u r in e  from newborn, co lo s t ru m - fed  calves  and recovered a b e ta -  
1a c t o g lo b u l in  which gave a s in g le  peak when subjected to  e le c t r o p h o r e s is  
Deutsch and Smith (1957) noted t h a t  the  c o n ce n tra t io n  o f  p r o te in  in 
the  u r in e  had decreased to  almost unde tec tab le  l e v e ls  18 hours a f t e r  
the  feed ing o f  co lostrum.  P ie rc e  (1959a) demonstrated t h a t  the  
co n cen tra t io n  o f  p r o te in  in the u r in e  of  newborn ca lves  fed colostrum  
in the f i r s t  hours o f  l i f e  increased u n t i l  the c a l f  was 14-24  hours old  
and then g r a d u a l ly  d e c l in e d .  P ie rce  (1961) suggested the  t e r m in a t io n  
o f  the  p r o t e i n u r i a  was due to  the cessat ion  of  p r o te in  t ransmiss ion  by 
th e  gut r a th e r  than any a l t e r a t i o n  in renal  fu n c t io n .  P ierce  (1961) 
a ls o  demonstrated t h a t  newborn ca lves  fed on m i lk  or g lu c o s e -s a l in e  
and in je c te d  in t raven o u s ly  w i th  g e l a t i n  developed a p r o t e i n u r i a  of  
which g e l a t i n  accounted f o r  over 50 per cent o f  the t o t a l  p r o t e i n .
The renal  th resho ld  f o r  p r o t e in  molecules and fragments is 50,000  
(Deutsch and Smith,  1957; P ie r c e ,  1 961 ) .  As wel l  as the small 
molecular  p ro te in s  l i k e  b e t a - 1 a c t o g l o b u l i n ,  the presence o f  degraded 
Immunoglobulin fragments has a ls o  been demonstrated in the u r in e  o f  
newborn ca lves  (P ie r c e ,  1961; K ic kh o f fe n ,  Hammer and W estpha l , 19 7 1 ) .
The presence o f  immunoglobulins in colostrum had been 
demonstrated by s a l t  f r a c t i o n a t i o n  (Howe, 1922) and by e le c t r o p h o r e s is  
(Smith,  1946; Smith and Holm, 1 9 4 8 ) .  Larson and Kendall  (1957) 
examined the  co n c e n t ra t io n  o f  p ro te in s  In the serum o f  cows around 
p a r t u r i t i o n  and found t h a t  the  c o n c e n t ra t io n  o f  t o t a l  p r o te in  was 
minimal a t  p a r t u r i t i o n  and maximal about fo ur  weeks p r i o r  to  and 11 
weeks a f t e r  p a r t u r i t i o n .  By e le c t r o p h o r e s is  they demonstrated t h a t  
th e  decrease in t o t a l  p r o t e i n  a t  p a r t u r i t i o n  was due t o  a drop in the  
g lo b u l i n  f r a c t i o n .  Larson (1958) showed th a t  the  decrease in serum 
gammaglobulins was accounted q u a n t i t a t i v e l y  by the increase in immune 
l a c t o g lo b u l i n  o f  the l a c t e a l  s e c r e t io n s ,  Blakemore and Garner (1956)
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observed t h a t  when r a d îo - î o d in a t e d  bovine gammaglobulin was in je c te d  
in t ra ve nous ly  in to  a cow ten days p r i o r  to  p a r t u r i t i o n  i t  was r a p id ly  
concentrated in the l a c t e a l  s e c r e t io n s .
Dixon, Weig le  and Vazquez (1961) demonstrated th a t  serum 
p ro te in s  were c o n t i n u a l l y  secreted in to  the udder sec re t ions  o f  the cow 
but t h a t  during the fo rmat ion  o f  colostrum the r a te  o f  t r a n s f e r  o f  
gammaglobulin was 100 times g r e a t e r  than t h a t  of  serum albumin.  They 
est im ated  th a t  the q u a n t i t y  o f  gammaglobulin which l e f t  the serum was 
approximate ly  equal to t h a t  present in the colostrum a t  p a r t u r i t i o n .
I t  was shown th a t  th e re  was l i t t l e  change in the  c o n ce n tra t io n  of  
gammaglobulin in the serum u n t i l  th re e  weeks p r i o r  to  p a r t u r i t i o n ,  
a f t e r  which i t  f e l l  s h arp ly .  The serum c o n centra t ion  o f  gammaglobulins 
increased r a p id ly  in the  two weeks fo l lo w in g  p a r t u r i t i o n ,  and then more 
s lo w ly ,  o f t e n  a t t a i n i n g  values h igher  than the prepartum values .  They 
est imated  t h a t  in the period p r i o r  to  p a r t u r i t i o n  approximate ly  34g o f  
gammaglobulin was t r a n s f e r r e d  i n to  the udder d a i l y .
Dixon and others  (1961) and Feldman (1961) made d e t a i l e d  
h i s t o l o g i c a l  and e l ectronmîcroscop ica l  examinations o f  the mammary gland  
and suggested t h a t  the t r a n s f e r  of  immunoglobulins from the serum 
occurred by a process of  s e l e c t i v e  t ra n s u d a t io n .  Dixon and others  
(1961) reported t h a t  e a r l y  in the dry per iod the normally low cuboidal  
c e l l s  o f  the a c in a r  e p i th e l iu m  are  transformed in to  t a l l  columnar c e l l s  
w ith  obvious sec re to ry  vacuoles.  These f in d in g s  were in d i r e c t  
c o n t ra s t  to  e a r l i e r  work which suggested th a t  the presence of  
immunoglobulins in the  colostrum could be accounted f o r  by the  
piasmacytosis which occurred dur ing the  per iod o f  colostrum production,  
and dur ing experimental  d r y i n g - o f f  (Campbell,  P o r te r  and Petersen,  1950).  
L a t e r  workers demonstrated t h a t  th e re  was a h ig h ly  s e l e c t i v e  t r a n s f e r  
of  f a s t  gammaglobulin in to  the l a c t e a l  sec re t ions  from the serum during  
the format ion  o f  colostrum (Murphy, Aalund, Osebold and C a r r o l ,  1964;  
P ie rc e  and F i e n s t e i n ,  1965) and t h a t  t h i s  f a s t  gammaglobulin was IgG^ 
(Brandon, Watson and L a s c e l l e s ,  1971 ) .
The range o f  chemotherapeutic  agents which have been used fo r  
the trea tm ent  and p revent ion  o f  neonatal  c a l f  d ia rrhoea  is q u i t e  
outs tanding and inc ludes the f o l l o w i n g ;  a n t i s e r a ,  a t a p u l g i t e ,  b r i l l i a n t
40
green,  ch loramphenico l ,  chi orodyne, c h arc o a l ,  c h i o r t e t r a c y c l  i ne , 
c l o x a c î l l î n ,  f u r a z o l i d î o n e , f r a m y c e t in ,  k a o l i n ,  neomycin, o x y t e t r a c y c l i ne,  
p e n i c i l l i n ,  p e c t in ,  p h t h a l y l s u l p h a t h i a z o l e , s t rep tom ycin ,  po lym ix in ,  
sulphad im id ine ,  sulphaguandin e , s u lp h a p y r id Îne ,  su lphameraz ine , 
t e t r a c y c l i n e  h y d ro c h lo r id e ,  v i tam ins  A, D, E and K and v itamins  o f  the  
B complex (Edgson, 1 964 ) .  U n f o r t u n a t e ly ,  the e f f i c a c y ,  or lac k  o f  i t ,  
o f  most o f  these compounds has been determined in f i e l d  t r i a l s ,  a 
s i t u a t i o n  which is l a r g e l y  u n c o n t r o l le d .
The e a r l y  l i t e r a t u r e  on the p r o p h y la c t ic  and th e r a p e u t ic  use 
of  a n t i b i o t i c s  in neonatal c a l f  d ia rrhoea  was reviewed by L a s s i t e r  
( 1955) .  O x y t e t r a c y c l i ne and c h i o r t e t r a c y c l i ne were the only  two 
a n t i b i o t i c s  fo r  which s u f f i c i e n t  evidence was a v a i l a b l e  to draw any 
v a l i d  conclus ions.  L a s s i t e r  observed th a t  most o f  the  data had been 
accumulated from f i e l d  observa t ions  and the  r e s u l t s  were o f t e n  
c o n f l i c t i n g ,  but concluded t h a t  both c h i o r t e t r a c y c l i ne and o x y t e t r a c y c l i ne 
were probably e f f e c t i v e  in the  prevent ion  and t re a tm en t  o f  neonatal  c a l f  
d ia r r h o e a .  However, he added the f u r t h e r  q u a l i f i c a t i o n  t h a t  many of  
the  s tudies  had been conducted under cond i t ions  where d ia rrho ea  was not  
a major problem.
Roy, Shi 11am, Palmer and Ingram (1955b) repor ted  t h a t  in 
c ond i t ions  o f  moderate " i n f e c t i o n "  c h i o r t e t r a c y c l i ne given o r a l l y  to  
co lost rum-depr ived  calves  reduced the incidence of  d ia rrhoea  and 
re s u l te d  in s i g n i f i c a n t l y  increased weight gains over non-supplemented 
co lost rum-depr ived  c o n t r o l s .  Ingram, Shi 11 am, Hawkins and Roy (1958) 
examined the e f f e c t  o f  p e n i c i l l i n  and c h i o r t e t r a c y c l i ne on co lost rum-  
depr ived  calves  during  the f i r s t  th r e e  weeks o f  l i f e .  The t r e a t e d  
calves  rece ived e i t h e r  250 mg c h i o r t e t r a c y c l  i ne f o r  the  f i r s t  f i v e  days 
and 125 mg d a i l y  t h e r e a f t e r  f o r  1.6 days, or 250 mg p e n i c i l l i n  f o r  the  
f i r s t  f i v e  days and 125 mg d a i l y  f o r  16 days,  or 250 mg chi o r t e t  racycl  i ne 
and 250 mg p e n i c i l l i n  f o r  the f i r s t  f i v e  days and t h e r e a f t e r  125 mg 
c h i o r t e t r a c y c l i ne and 125 mg p e n i c i l l i n  d a i l y  f o r  16 days. During the  
21-day experimenta l  per iod  a l l  e ig h t  co lost rum-depr ived  contro l  ca lves  
d ie d ,  seven o f  c o l l  s ept icaem ia ;  th re e  o f  ten c h i o r t e t r a c y c l i n e  t r e a t e d  
co lost rum-depr ived  calves  d ie d ;  e ig h t  o f  ten p e n i c i l l i n  t r e a t e d  calves  
d ie d ,  a l l  o f  c o l is e p t i c a e m ia ;  f i v e  o f  ten c h i o r t e t r a c y c l  i n e / p e n i c i 1 1 in 
t r e a t e d  co lost rum-depr ived  ca lves  d ie d ,  four  o f  c o l is e p t ic a e m ia ;  one
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o f  ten co lost ru m - fed  calves  d ie d .  Those calves  which did not d ie  o f  
col «sept icaemia ,  were diagnosed as dying o f  l o c a l i s e d  i n t e s t i n a l  
i n f e c t i o n .  A s i g n i f i c a n t  d i f f e r e n c e  in weight gains could only  be 
a t t r i b u t e d  to  the c h i o r t e t r a c y c l I n e  group by a very compl icated  
fo rm ula .  A l l  115 s t r a in s  o f  E. col i recovered during the experiment  
were r e s i s t a n t  to  p e n i c i l l i n .  There was a g re a t e r  re s is ta n c e  to  
chi o r t e t r a c y c l  ine among the  E. co'l i s t r a in s  recovered from 
c h l o r t e t r a c y c l i n e - t r e a t e d  calves  compared w i th  the s t r a in s  recovered  
from n o n - c h l o r t e t r a c y c l in e  t r e a t e d  c a lv e s .  Lang, Roy, Shi 11 am and 
Ingram (1959) a ls o  s tud ied  the  e f f e c t s  of  c h i o r t e t r a c y c l i ne given  
o r a l l y  a t  1 2 5 .mg d a i l y  f o r  the f i r s t  th ree  weeks o f  l i f e  to  calves  
which had rece ived a small volume (400ml) of  c o lo s t r a l  whey and found 
th a t  c h l o r t e t r a c y c l  ine s i g n i f i c a n t l y  reduced m o r t a l i t y  and increased  
the  weight gain o f  s u rv iv in g  calves  over non-supplemented c o n t r o ls .
The c h l o r t e t r a c y c l i n e  did no t ,  however,  reduce the incidence o f  
diarrhoea  in the  s u rv iv in g  c a lv e s .  In a f u r t h e r  t r i a l , S h i  11am and 
Roy (19633) found t h a t  the in c lu s io n  o f  125 mg c h l o r t e t r a c y c l  ine d a i l y  
in the d i e t  of  co lost ru m - fe d  ca lves  had no e f f e c t  on the  incidence o f  
d ia rrho ea  or on w e ig h t -g a in  over the  f i r s t  th ree  weeks o f  l i f e  compared 
w i th  unsupplemented c o n t r o l s ,
D a l to n ,  F is h er  and M c In ty r e  ( i960 )  s tud ied  the  e f f e c t s  o f  
s treptom ycin ,  neomycin, o x y t e t r a c y c l i n e ,  p e n i c i l l i n ,  c h i o r t e t r a c y c l i ne,  
Chloromycetin and p h t h a l y ls u l p h a t h i a z o le  used prophy1 a c t i c a 11 y on 
m o r t a l i t y  and d ia rrhoea  in young calves  which were less than seven days 
o ld  a t  the beginning o f  the  exper iment .  The drugs were given a t  
t h e r a p e u t ic  doses and f o r  the 14 days o f  the t r i a l .  F ive  o f  the seven 
drugs had no s i g n i f i c a n t  e f f e c t  on e i t h e r  reducing the  Inc idence o f  
d iarrho ea  or  m o r t a l i t y  compared to  the un trea te d  c o n t r o ls .  The 
r e s u l t s  produced by the  remaining two drugs,  o x y t e t r a c y c l i n e  and 
c h l o r t e t r a c y c l I n e  were e q u iv o c a l .  In th ree  o f  fo ur  t r i a l s ,  
c h l o r t e t r a c y c l i n e  s i g n i f i c a n t l y  reduced m o r t a l i t y  and the  incidence  
o f  d ia rrhoea  and in two o f  th re e  t r i a l s ,  o x y t e t r a c y c l i n e  given o r a l l y  
s i g n i f i c a n t l y  reduced the incidence o f  d iarrhoea  and m o r t a l i t y .  I t  
should be noted t h a t  on four  o f  the f i v e  occasions when a s i g n i f i c a n t  
e f f e c t  was obta ined w i th  these two a n t i b i o t i c s  the t r i a l s  were 
conducted during  the  months o f  June or  October.
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In Canada, L i s t e r  and Mackay (1970) reported  a t r i a l  on the  
e f f e c t  o f  ora l  t rea tm ent  o f  d ia rrhoea  w i th  an a n t i b i o t i c - s u l phonamîde 
m ixture  which suggested t h a t  t rea tm ent  w i th  a n t i b i o t i c s  was of  va lu e .
The calves  used in the t r i a l  were o f  a s im i l a r  type used by Dalton and 
others  ( i 9 6 0 ) ,  being purchased a t  less  than one week o ld  from local  
markets .  None o f  18 t rea tment  calves  died whereas n ine o f  18 calves  
which received no medication  d ie d .  The m a jo r i t y  o f  calves which died  
had e i t h e r  i n t e r s t i t i a l  pneumonia or bronchopneumonia and P a s t e u r e l1 a 
haemolvt i ca was the most f requent  b a c t e r i a l  i s o l a t e  from the  lungs.
As wel l  as re c e iv in g  o r a l  a n t i b i o t i c s  the t rea tment  group rece ived  
paren tera l  a n t i b i o t i c s  i f  the temperature  exceeded 39 .4 °C .  i t  is 
t h e r e f o r e  l i k e l y  t h a t  the  reduced m o r t a l i t y  in the trea tm ent  group was 
due to  the  control  o f  the r e s p i r a t o r y  syndrome as th e re  was l i t t l e  
d i f f e r e n c e  in the incidence o f  d iarrhoea  in the s u rv iv o rs .
In one o f  the  few c o n t r o l l e d  f i e l d  t r i a l s ,  R a d o s t i ts ,  Rhodes, 
M i t c h e l l ,  Spotswood and Wenkoff (1975) a l l o c a t e d  254 calves w i th  acute  
neonatal  d ia rrhoea  to  one o f  s ix  d i f f e r e n t  t rea tm en ts ;  two groups 
rece ived am ple !11 In o r a l l y  a t  12 mg/kg,  one group o f  which was m i l k -  
sta rved  f o r  24 hours but was given ora l  e l e c t r o l y t e s  a t  150 m l /k g /2 4  hours;  
the second a m p i c i l l i n  t r e a t e d  group was given cows' whole m i l k ;  two 
groups of calves were t r e a t e d  w i th  n i fu ra ldezone  o r a l l y  and 
chloramphenicol  p a re n te ra l  1 y ; again  one group was m i lk - s t a r v e d  but 
given e l e c t r o l y t e s  o r a l l y  and the o the r  group was a l lowed cows' whole 
m i l k ;  the remaining two groups were given no a n t im ic r o b ia l  t re a tm e n t ,  
but one group was m i l k - s t a r v e d  and given f l u i d s  o r a l l y  and the o ther  
was a l lowed access to  cows' whole m i l k .  No s i g n i f i c a n t  d i f f e r e n c e  in 
s u rv iv a l  r a te  could be found between the  s ix  d i f f e r e n t  trea tm ents  
regard less  o f  the period o f  h o s p i t a l i s a t i o n  or even when the data f o r  
only  those calves  which were h o s p i t a l i s e d  f o r  more than th re e  days were 
analysed .  The two most f re q u e n t  diagnoses among the 75 calves  which 
died were e n t e r i t i s  and s a lm o n e l lo s is .  U n f o r tu n a te ly  no in d iv id u a l  
serum immunoglobulin concentra t ions  were given but the  authors s t a t e  
t h a t  calves  w i th  gammaglobulin c oncentra t ions  o f  less than 1g/100ml  
were d i f f i c u l t  to  t r e a t  and calves  w i th  less  than 0.5g/100ml i n v a r i a b ly  
died desp i te  exhaust ive  t re a tm en t .  Calves w i th  gammaglobulin 
concentra t ions  g r e a t e r  than 1.5g/100ml u s u a l ly  responsed q u ic k ly  and 
did  not r e la p s e .  The authors a ls o  emphasised t h a t  t h i s  regimen o f  
t rea tm ent  was extremely  t ime consuming.
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In u n c o n t ro l led  s tu d ie s ,  Acres and others  (1975) found t h a t  
chloramphenicol  in t rave n o u s ly  had no in f lu e n c e  on the outcome o f  
d i a r r h o e i c  calves  less  than ten days o ld .  S i m i l a r l y ,  Boyd and o thers  
(1974) were unable to  f i n d  any s i g n i f i c a n t  c l i n i c a l  response to  a range 
o f  a n t i b i o t i c s  even a lthough s e n s i t i v i t y  te s t s  on E. c o l i  is o la te d  
frcxn faecal  swabs were c a r r i e d  out p r i o r  to  t re a tm e n t .  Bywater,
Palmer and Wanstal l  (1978) claimed t h a t  a m o x y c i l l i n  s i g n i f i c a n t l y  
reduced m o r t a l i t y  and the  d u ra t io n  of  d ia rrhoea  regard less  o f  whether  
or not the  E . col 1 were r e s i s t a n t  to  the drug in v i t r o .
F isher  and de la  Fuente (1971) examined the e f f e c t  of  
fu ra z o l id o n e  and chloramphenicol  on spontaneous neonatal c a l f  d ia rrhoea  
which developed in ca lves  w i th  low serum immunoglobulin c o n c e n t ra t io n s .  
The experimenta l  animals were A y rsh i re  bu l l  calves  less  than one week 
old and purchased a t  loca l  markets .  In two experiments the two drugs 
were given a t  th e r a p e u t ic  l e v e ls  when d iarrhoea  developed and in a 
t h i r d  exper iment ,  the  calves  were given d a i l y  p r o p h y la c t ic  doses o f  
f u r a z o l i d o n e .  The ca lves  were a l l o c a t e d  to  the t rea tm ent  group or  
contro l  groups on the basis  o f  equal serum immunoglobulin c o n c e n t ra t io n s .  
There was no s i g n i f i c a n t  re duct io n  in e i t h e r  d ia rrho ea  or m o r t a l i t y  
when the two drugs were used a t  th e r a p e u t ic  l e v e ls  f o r  t re a tm e n t .  No 
b e n e f i c i a l  e f f e c t  could be a t t r i b u t e d  to  the p r o p h y la c t ic  use of  
f u r a z o l id o n e .  G en e ra l ly  those ca lves  which had h igher  concentra t ions  
o f  serum immunoglobulins surv ived  d e sp i te  t r e a tm e n t .
The use o f  In travenous e l e c t r o l y t e  therapy in the t re a tm ent  
o f  severe i n f a n t i l e  d ia rrho ea  o f  babies is a recognised and successful  
technique (Darrow, 1946; Hutchison, 1975; Logan and A r n e i l ,  1 978 ) ,  
but the  usefulness o f  t h i s  type o f  t rea tm ent  f o r  neonatal  d ia rrhoea  
o f  calves  is very l i m i t e d  (Boyd and o th e r s ,  1974 ) .  McSherry and G r inyer  
( l 954) described the t rea tm en t  o f  seven calves  less  than 21 days old  
s u f f e r i n g  from d ia rrho ea  w i th  a balanced e l e c t r o l y t e  s o lu t io n  given  
p a ren te ra l  1 y , but th re e  o f  the  seven calves  d ied .  Watt (1965) 
descr ibed an u n c o n tro l led  t r i a l  in which d i a r r h o e i c  ca lves  were t r e a t e d  
w i th  one o f  four  regimens, a n t i b i o t i c s  alone ( fo l lo w in g  s e n s i t i v i t y  
t e s t s ) ,  plasma and e l e c t r o l y t e  so lu t io n s  in t ra v e n o u s ly ,  or a 
combination o f  a n t i b i o t i c s ,  and plasma and e l e c t r o l y t e  so lu t io n s  
i n t r a v e n o u s ly .  Of those ca lves  given only the e l e c t r o l y t e  therapy  
(a combination o f  Darrow's s o lu t io n  (Darrow, 1946) and g lu c o s e -s a l in e )
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4 6 .1 5  per cent died whereas 78 per cent o f  the calves  t r e a t e d  w i th  
a n t i b i o t i c s  a lone  d ie d .  In another  u n c o n tro l led  f i e l d  t r i a l ,  Dickson 
(1968) suggested t h a t  a g lu c o s e - s a l in e  s o lu t io n  given i n t r a p e r I t o n e a l 1 y 
or subcutaneously was b e n e f i c i a l  in the  t rea tment  o f  neonatal  c a l f  
d ia r r h o e a ,  a l though 23 per cent o f  the t r e a t e d  animals  d ie d .
Fol lowing the suggestions o f  Jensen (1897) and Smith and L i t t l e  
(1922b, 192 3 , 1930) t h a t  serum, given o r a l l y  or  p a r e n t e r a l l y ,  could be 
used as an a l t e r n a t i v e  to  colostrum to  p r o te c t  ca lves  a g a in s t  the  ravages 
o f  c o l Î b a d  11 o s i s , a number o f  in v e s t ig a t io n s  in to  the value  of  b lood,  
serum and plasma der ived  products f o r  the p r o t e c t io n  o f  the neonatal  
c a l f  have been re p o r te d ,  D o l l a h i t e  (1939) found t h a t  200 ml serum 
given in t ra ven o u s ly  w i t h i n  24 hours o f  b i r t h  had l i t t l e  in f lu e n c e  on 
the inc idence o f  d ia rrho ea  or on m o r t a l i t y .  Wise and Anderson (1944) 
repor ted  t h a t  a commercia l ly  a v a i l a b l e  bovine serum given subcutaneously 
had no s i g n i f i c a n t  e f f e c t  e i t h e r  p r o p h y l a c t i c a l 1 y or t h e r a p e u t i c a l l y  in 
neonatal  c a l f  d ia r r h o e a .  Anderson, Dupre and Lamaster (1952) 
descr ibed the use o f  l y o p h i l i s e d  serum in the d i e t  o f  young c a lv e s .  
MacDonald and Oakley ( I 96 I )  c laimed t h a t  50 ml c i t r a t e d  whole blood 
given subcutaneously soon a f t e r  b i r t h  s i g n i f i c a n t l y  reduced the  
inc idence o f  d ia rrho ea  and reduced m o r t a l i t y ,  Lotan ,  Berman, Tadmor 
and Perk (1964) descr ibed a c o n t r o l l e d  t r i a l  comprising 254 ca lves  in 
which 5 to  1Og o f  a bovine gammaglobul in -r ich  f r a c t i o n  were given  
p r o p h y l a c t i c a l l y .  When ca lves  became d i a r r h o e i c ,  they were a ls o  
t r e a t e d  by d i l u t i n g  the  m i l k  w i th  w a t e r ,  animal carbon,
d ihydros t rep tom yc in ,  chloramphenicol  and c h l o r t e t r a c y c l i n e .  The authors  
obta ined equivocal  r e s u l t s ;  in the  f i r s t  t r i a l ,  a s i g n i f i c a n t  reduct io n  
in m o r t a l i t y  could be a t t r i b u t e d  to the gammaglobulin but in a second 
t r i a l ,  th e re  was no s i g n i f i c a n t  e f f e c t  between the  t r e a t e d  group and 
the  u n t rea te d  c o n t r o l s .
Wi l loughby,  B u t le r  and Thornton (1970) descr ibed a c o n t r o l l e d  
t r i a l  in which 200 ca lves  were randomly a l l o c a t e d  to one o f  four  
t rea tm ent  groups s h o r t l y  a f t e r  b i r t h .  The four  t rea tm ents  cons is ted  of  
serum, a lbumin,  a g l o b u l in  p r e p a r a t io n  which was given a t  a dosage r a te  
or 75-77  mg/kg bodyweight,  and a g lo b u l in  p re p a ra t io n  which was given  
a t  a r a t e  of  620 mg/kg to  26 ca lves  and 154 mg/kg to  13 c a lv e s .
Control  ca lves  were g iven  0 ,8 5  per cent sodium c h lo r id e  s o l u t i o n .
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Each trea tm ent  was given once only  and the calves  were observed f o r  
f i r s t  ten  days o f  l i f e .  There was no s i g n i f i c a n t  d i f f e r e n c e  in the  
inc idence o f  neonatal  d ia rrho ea  between in d iv id u a l  t rea tment  groups and 
the contro l  groups. The inc idence o f  d iarrhoea  was l e a s t  In the  group 
o f  ca lves  which rece ived  bovine serum albumin.  The attempted  
p r o p h y la c t ic  use o f  bovine plasma has a ls o  given ambiguous r e s u l t s ,  
w i th  one group o f  ca lves  re c e iv in g  250 ml plasma subcutaneously having  
a lower inc idence o f  d ia rrho ea  and m o r t a l i t y  than a s i m i l a r  group 
r e c e iv in g  500 ml plasma subcutaneously ( L i s t e r  and Mackay, 1970 ) .
As noted above Watt (1965) described the  use of  bovine plasma 
fo r  the t rea tment  o f  c o l i b a c i 11 o s i s , in one trea tm ent  regime a f f e c t e d  
calves  were given up t o  800 ml of  bovine plasma and e l e c t r o l y t e  
s o lu t io n s  in t rave nous ly  over a prolonged p e r io d .  A comparison was 
made between fo ur  d i f f e r e n t  t rea tments  but no c o n t ro ls  were employed.  
The m o r t a l i t y  r a te  o f  d ia r r h o e i c  calves  t r e a t e d  w i th  the plasma and 
e l e c t r o l y t e  s o lu t io n s  was 7 .5  per cent compared to  78 per cent fo r  
calves  given a n t i b i o t i c s  o n ly ,  and 4 6 .1 5  per cent f o r  calves given only  
e l e c t r o l y t e  s o lu t io n s  in t r a v e n o u s ly .  The in c lu s io n  o f  a n t i b i o t i c  
therapy to  the  t rea tm ent  regime o f  plasma and e l e c t r o l y t e s  appeared to  
have a d e le t e r io u s  e f f e c t ,  as the  m o r t a l i t y  w i th  t h i s  combination was ' 
ten per c en t .  Watt (1967) suggested t h a t  Immunoglobulin component o f  
the  infused plasma was l i k e l y  to  be responsib le  f o r  the t h e r a p e u t ic  
e f f e c t  o f  t h is  t re a tm e n t .
in 1971; Penhale and o thers  (1971) described the p re p a ra t io n  
of  an I g M  r ic h  f r a c t i o n  from bovine serum. This  p re p a ra t io n  would 
s i g n i f i c a n t l y  prolong the su rv iv a l  t ime o f  ca lves  which died o f  the  
sept icaem ia /scour  syndrome and a lthough calves  survived a t  the h igher  
d o s e - r a t e s ,  1 . 5 - 2 .0  g/ 3 0  kg bodyweight, .the authors were unable to  
e s t a b l i s h  any dose /s u rv iv a l  t ime r e l a t i o n s h i p .  Subsequently ,  the  same 
workers have been a b le  to  demonstrate t h a t  l g / 3 0  kg of  an I g M  
p re p a ra t io n  given in t rave n o u s ly  on the f i r s t  day o f  l i f e  w i l l  p ro te c t  
calves  from c o l Î sept icaemia  in the  exper imental  s i t u a t i o n  (Logan and 
Penhale,  1971c) and under f i e l d  cond i t ions  (Logan, Stenhouse,  Ormrod,  
Penhale and Armishaw, 1974b) .  The p ro p h y la c t i c  use o f  t h is  I g M  
p re p a ra t io n  has a ls o  p e rm i t te d  the  study o f  e x p e r im e n t a l ly  produced
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c o l i b a c î 11 OSî 5 employing ente ropathogenic  E . coi j (Logan and Penhale ,  
1972; Logan and o t h e r s ,  19 7 7 ) .
I t  might be expected t h a t  any means by which the c o lo s t r a l  
immunity o f  the dam could be boosted would be o f  va lue  to  the newborn 
c a l f  in the prevent ion  o f  col i b a c i l l o s î s ,  and the intramammary 
v a c c in a t io n  o f  cows w i th  a f o r m a l in lz e d  E . col t vacc ine  has been shown 
to increase  the  c o n c e n tra t io n  o f  and prolong the presence o f  IgA in 
post-partum mammary s ec re t io n s  (Wilson, Duncan, Heistand and Brown, 
197 2 ) .  S e l l e r s ,  Smith and Pook (1962) reported  a t r i a l  employing an 
E. c o l i  b a c t e r in  vaccine adm in is te red  subcutaneously tw ice  in l a t e  
pregnancy, but v a c c in a t io n  was o f  no value  in c o n t r o l l i n g  an outbreak  
o f  d ia rrho ea  in the young c a lv e s .  Fur ther  s tudies  revea led  t h a t  an 
o i l  ad juvanted ,  e i t h e r  heat or f o r m a l i n - k i l l e d  E. col i vaccine e l i c i t e d  
the best s e ro lo g ic a l  response in a d u l t  animals (Gay and o th e rs ,  1964a) .  
Examination o f  serum samples from the cows revealed t h a t  most cows 
possessed antibody to the 0 -group ant igens  o f  the  t e s t  £. col 1 but 
o nly  a l i m i t e d  number possessed ant ibody  to  the K a n t ig e n s .  Fo l low ing  
v a c c in a t io n  the  colostrum o f  the  vacc inated  cows had s i g n i f i c a n t l y  
higher  t i t r e s  to  both 0 and K ant igens  o f  the t e s t  E . c o l i . but d e sp i te  
being born to  cows w i th  high a g g l u t i n a t io n  t i t r e s  to  K ant igens  2 2 .9  
per cent o f  the  calves  had no demonstrable K a g g l u t i n i n s  in t h e i r  serum 
(Gay and o th e r s ,  1 964 a ) .  In a f i e l d - t r i a l ,  using an o i l - a d j u v a n t e d ,  
f o r m a l i n - k i l l e d  vaccine prepared from s t r a in s  o f  E. c o l i  which had been 
recovered from cases o f  c o l i b a c i 11 os is  in the herd o f  o r i g i n .  Gay and 
others  (1964b) were unable to  demonstrate any s i g n i f i c a n t  reduct ion  in 
m o r t a l i t y  between ca lves  born to vaccinated  dams and ca lves  born to  
contro l  dams. B a c t e r i o l o g i c a l  examinat ion revea led  t h a t  many o f  the  
s t r a in s  of  E . col i recovered from calves  which d ied were a n t i g e n i c a l l y  
d i s t i n c t  from the s t r a in s  which had been employed in the vacc ine .
With the knowledge th a t  c e r t a i n  s t r a in s  o f  E. c o l i  were 
enteropathogen ic ,  Myers,  Newman, Wilson and C a t l i n  (1973) descr ibed  
an experiment in which 27 cows were vaccinated  subcutaneously and a ls o  
by the  intramammary route  w i th  a known enteropathogenic  s t r a i n  o f  
E. c o l i . B44, (Smith and H a l l s ,  1967a,b)  on two occasions p r io r  to  
p a r t u r i t i o n ,  and 14 cows were re ta in e d  as c o n t r o ls .  A l l  41 calves  
were chal lenged o r a l l y  w i th  a c u l t u r e  o f  E . col i s t r a i n  B44 when they
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were between f i v e  and 23 hours o ld .  A l l  the contro l  calves developed  
a profuse d ia rrhoea  between fo ur  and 21 hours a f t e r  chal lenge  and the  
calves  born to vacc inated  cows c e r t a i n l y  appeared to  be p ro tected  to  
some e x te n t  from the chal lenge  s t r a i n .  However, no in d ic a t io n  o f  the
serum c oncentra t ions  of  absorbed immunoglobulins o f  any of  the calves  
was g iven ;  nor the t i t r e s  to  the vaccinal  s t r a i n  in the colostrum.
Myers (1976) reported the r e s u l t s . o f  a f i e l d - t r i a l  in vo lv in g  3 ,500  cows, 
approximate ly  h a l f  o f  which were immunised tw ice  subcutaneously w i th  a 
composite vaccine o f  s ix  s t r a in s  of  f o r m a l i n - k i l l e d  E . col i . There  
was no s i g n i f i c a n t  d i f f e r e n c e  in the incidence o f  d ia rrhoea  between 
u ntrea te d  and t r e a t e d  groups but the  author claimed t h a t  m o r t a l i t y  was 
s i g n i f i c a n t l y  reduced in the calves born to the vaccinated  dams.
However, f u r t h e r  examinat ion o f  the data provided revea ls  th a t  among 
the  vaccinated cows, two herds accounted fo r  35 per cent o f  the  60 
deaths and th a t  among the  unvaccinated cows the same two herds 
accounted f o r  45 o f  the 99 deaths.  In one herd o f  260 cows the re  
were seven deaths due to s a lm o n e l lo s is ;  th ree  calves  were born to  
vaccinated  cows and four  calves  were born to  contro l  cows. No 
in form at ion  was given about the  management p ra c t ic e s  on any o f  the  
ranches nor about the p ass ive ly  acquired  serum immunoglobulin 
c o n ce n tra t io n s .
Wilson and J u t i l a  (1976a) descr ibed a s i m i l a r  v ac c in a t io n  
programme In beef cows employing an enteropathogenic  E. c o l i  B44 (Smith 
and H a l l s ,  1 9 6 7 a ,b ) ,  v a c c in a t in g  the  cows a t  approximate ly  th re e  weeks 
and one week before  p a r t u r i t i o n  both by the intramammary route  and 
a ls o  subcutaneously . The calves  were chal lenged w i th  a c u l t u r e  of
E. col I B44 before  they were 10 hours o ld .  The data ind ica ted  t h a t  
77 per cent o f  calves  born to  vaccinated  dams were s t ro n g ly  protected  
a g a in s t  the  ora l  chal lenge  w i th  E. c o l l  B44. Calves born to vacc inated  
dams had s i g n i f i c a n t l y  (<0 .05) h igher  a n t i - O  and a n t i - K  a g g l u t i n i n s  
than contro l  c a lv e s .  Only the a n t i - K  a g g lu t in in s  in the colostrum o f  
the  vacc inated  cows were s i g n i f i c a n t l y  higher  than those in the contro l  
cows' colost rum. I t  was suggested th a t  IgA and IgM a n t i - K  
immunoglobulins were important in the  passive immunity o f  exper imental  
c o l i b a c i l l e s  is (Wilson and J u t i l a ,  19 7 6 b ) .
Fol lowing the i d e n t i f i c a t i o n  and i s o l a t i o n  o f  v iruses  from 
the faeces o f  d i a r r h o e i c  calves  (Mebus and o th e r s ,  1969; S t a i r  and 
o th e r s ,  1972) ,  vaccines o f  a t te n u a te d  s t r a in s  of  r o t a v i r u s  and
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coronavîrus  have been commercial ly  developed (Mebus, W h i te ,  S t a i r ,
Rhodes and Twiehaus, 1972; Mebus, W hi te ,  Bass and Twiehaus, 1973b;  
Blackmer,  1976; Thurber ,  Bass and Beckenbauer,  197 7 ) .  Oral 
v a c c in a t io n  o f  newborn ranch calves  w i th  a r o t a v i r u s  vaccine was 
claimed to s i g n i f i c a n t l y  reduce the incidence o f  d ia rrhoea  and m o r t a l i t y  
among the calves  o f  these herds (Mebus and o th e r s ,  1972; Mebus and 
o t h e r s ,  19 7 3 ) .  Fur thermore ,  i n o c u la t io n  o f  cows, subcutaneously or  
i n t r a m u s c u la r ly ,  w i th  an i n a c t i v a t e d  r o t a v i r u s  vaccine increased t h e i r  
serum n e u t r a l i s i n g  an t ibody  t i t r e  and i t  was claimed th a t  the  inc idence  
o f  d ia rrho ea  in the  ca lves  born to  cows t r e a t e d  in t h i s  way was reduced 
(Mebus and o th e rs ,  1 973 ) .  The authors  suggested t h a t  the  absorbed  
c i r c u l a t i n g  ant ibody  was not p r o t e c t i v e  but t h a t  the p r o te c t io n  re s u l te d  
from the presence of  increased c o l o s t r a l  and m i lk  ant ibody  in the  lumen 
o f  the i n t e s t i n e .
However, Acres and R a d o s t i ts  (1976) repor ted  a t r i a l  
comprising approx im ate ly  1000 c o w /c a l f  p a i r in g s  in which the  cows were 
given an enteropathogen ic  E . col I b a c t e r in  or a placebo in l a t e  
g e s t a t io n  and the ca lves  were t r e a t e d  w i th  e i t h e r  a commercial ly  
a v a i l a b l e  oral r o t a v i r u s  vaccine or a placebo before  they were 2k hours 
o ld .  The cows were vacc inated  subcutaneousl y tw ic e ,  approx im ate ly  s ix  
and th re e  weeks p r i o r  to  p a r t u r i t i o n .  I t  was found t h a t  th e re  were no 
s i g n i f i c a n t  d i f f e r e n c e s  between the  immunised groups or  the p lacebo-  
t r e a t e d  groups in e i t h e r  the inc idence or s e v e r i t y  o f  d ia r r h o e a ,  or  
the d i a r r h o e a - r e l a t e d  m o r t a l i t y  in the c a lv es .  Coronavirus was 
detec ted  in faeces from ca lves  in th re e  o f  the herds and in these herds  
the  authors  suggested t h a t  the use o f  the r o t a v i r u s  vaccine appeared to  
have increased the  m o r t a l i t y  r a t e .  The authors a ls o  c r i t i c i s e d  many 
o f  the previous f i e l d - t r i a l s  w i th  ora l  v i ru s  vaccines because o f  the  
l a c k  o f  s u i t a b l e ,  or even any,  c o n t r o l s .  In one o th e r  f i e l d - t r i a l  
in which the  double b l in d  technique was employed i t  was found t h a t  the  
use o f  a combined r o t a v i r u s  and coronavirus  ora l  vaccine f a i l e d  to  
reduce the incidence of  d ia rrho ea  or  m o r t a l i t y  in herds a f f e c t e d  by 
both v i ru s e s  (Thurber and o t h e r s ,  1 977 ) .
From t h i s  rev iew  o f  the l i t e r a t u r e  i t  can be a p p re c ia ted  
t h a t  trea tm ent  o f  neonatal  c a l f  d ia rrho ea  e i t h e r  w i th  a n t i b i o t i c s ,  or 
by f l u i d  therapy  w i th  e l e c t r o l y t e  s o lu t io n s  or blood d e r iv a t i v e s  has
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had on ly  very  l i m i t e d ,  i f  any,  success.  Attempted prophylax is  by the  
use o f  vaccines prepared a g a in s t  the v i ru s es  and E. c o l i  serotypes  
a ssoc ia ted  w i th  t h i s  c o n d i t io n  has a ls o  given equivocal  r e s u l t s .  
Furthermore ,  the v a c c in a t io n  o f  cows before  p a r t u r i t i o n  w i th  the  same 
agents w i th  a view to  increas ing  the  c o n centra t ion  o f  s p e c i f i c  
a n t ib o d ie s  in the colostrum is l i k e l y  to  be o f  l i m i t e d  va lue  because 
of  the  apparent f a i l u r e  to  t r a n s f e r  these c o l o s t r a l  a n t ib o d ie s  to  the  
c a l f  in many cases.  With a few n o tab le  e xc ept ions ,  surveys o f  
neonatal  c a l f  d isease have shown t h a t  th e re  is a h ig h ly  p o s i t i v e  
c o r r e l a t i o n  between high serum c oncentra t ions  o f  absorbed c o l o s t r a l  
Immunoglobulins and s u r v i v a l .  Thus the experiments described in t h i s  
th e s is  were undertaken to  examine husbandry p r a c t ic e s  which would 
ensure maximal t r a n s f e r  o f  c o lo s t r a l  immunoglobulins to  the newborn 
c a l f ,  and to  examine the  e f f e c t s ,  i f  any,  o f  these absorbed 
immunoglobulins on the incidence o f  d iarrhoea  and growth ra tes  dur ing  
the  f i r s t  fo u r  weeks o f  l i f e .
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CHAPTER 2
A T T E M P T S  TO PRODUCE H I G H  SERUM C O N C E N T R A T I O N S  OF A B S O R B E D  
I M M U N O G L O B U L I N S  I N  NEWBORN C A L V E S  BY M A N A G E M E N T A L  M E ANS
A T T E M P T S  TO P RODUCE H I G H  SERUM C O N C E N T R A T I O N S  OF A B S O R B E D  
I M M U N O G L O B U L I N S  I N  NEWBORN C A L V E S  BY M A N A G E M E N T A L  M E T H O D S
In t ro d u c t  Î on
The importance o f  colostrum has been co n v in c in g ly  demonstrated  
(Smith and L i t t l e ,  1922a;  Aschaffenburg and o th e r s ,  1952) but statements  
regard ing  the volume o f  colostrum th a t  should be consumed by newborn 
calves  a re  ext rem ely  vague and a re  confined to  expressions o f  o p in ion  
t h a t  calves  should re c e iv e  s u f f i c i e n t  colostrum as e a r l y  as poss ib le  
(Fey and Margandant, 1962; Loosemore, 1964; Roy, 1964; R e is in g e r ,
196 5 ; Fey,  1972) .  The major f a c t o r s  which in f lu e n c e  the  absorpt ion  
o f  c o lo s t r a l  whey immunoglobulins by the newborn c a l f  have now been 
def ined  (Selman, 1969; Kruse,  1970b),
Although Klaus and o thers  (1969) had suggested t h a t  th e re  was 
no c o r r e l a t i o n  between the serum concentra t ions  o f  absorbed immunoglobulins 
o f  co lost ru m - fed  ca lves  and the  immunoglobulin conce ntra t ions  o f  the  
colostrum fed to  c a lv e s ,  Selman (1969) demonstrated t h a t  when newborn 
calves  were fed colostrum under s tandard ised co n d i t io n s  o f  management 
th e re  was a h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between the 48-hour  
serum immunoglobulin c o n c e n t ra t io n  o f  the ca lves  and the immunoglobulin 
co n c e n t ra t io n  in the c o l o s t r a l  whey prepared from the colostrum fed to  
the c a lv e s .  Kruse (1970b) showed t h a t  a c a l f ' s  p o s t - c o l o s t r a l  serum 
Immunoglobulin co n ce n t ra t io n  was d i r e c t l y  p ro por t iona l  to the mass o f  
c o l o s t r a l  immunoglobulin fed to  th a t  c a l f .  Both Selman (1969) and 
Kruse (1970b) have shown t h a t  the  e f f i c i e n c y  of  absorp t ion  decreases  
e x p o n e n t ia l l y  from b i r t h  and may have ceased complete ly  a t  20 hours o f  
age. These two f a c t o r s ,  the  mass o f  c o lo s t r a l  immunoglobulins o f f e r e d  
and the  t ime o f  f i r s t  feed ing account f o r  almost 80 per cent o f  the  
v a r i a t i o n  in the  serum co n ce n tra t io n s  o f  absorbed c o lo s t r a l  
immunoglobulins o f  newborn calves  (Kruse,  1970b) .
Surveys o f  neonatal  c a l f  m o r t a l i t y  have shown t h a t  calves  
r e c e iv in g  the f i r s t  feed o f  colostrum from a bucket have s i g n i f i c a n t l y  
higher  m o r t a l i t y  ra te s  than those which have obta ined colostrum by 
suck l ing  (W ithers ,  1952c; Leech and o t h e r s ,  1 96 8 ) .  Smith and others  
(1967) found t h a t  low c o n ce n tra t io n s  o f  immunoglobulins "were more
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common in calves  th a t  had rece ived  colostrum by bucket o n ly "  compared 
t o  those calves  which had been fed colostrum by suck l ing  or by a 
combinat ion o f  suck l ing  and by bu c ke t . Selman and others  (1971a) noted  
t h a t  ca lves  born in loose boxes or in f i e l d s  had s i g n i f i c a n t l y  h igher  
conce n tra t io n s  o f  immunoglobulins than calves  which were born in byres .  
In lambs, the i n t e n s i t y  o f  husbandry in the immediate p o s t -n a ta l  per iod  
had a s i g n i f i c a n t  in f lu e n ce  on the serum concen tra t io n s  o f  absorbed  
immunoglobulin and m o r t a l i t y  ra tes  (Ducker and F r a s e r ,  1973 ) .  Newborn 
lambs which were d r ie d  and a s s is t e d  to  suckle  immediately a f t e r  b i r t h  
absorbed s i g n i f i c a n t l y  more c o lo s t r a l  immunoglobulins than lambs which 
were a l lowed to  remain w i th  t h e i r  mothers but which were given no 
as s is ta n c e  to  suck le .
Kaeckenbeeck and Schoenaers (1964) suggested th a t  several  
small feeds o f  colostrum dur ing the  f i r s t  12 hours o f  l i f e  re s u l te d  in 
h igher  serum c oncentra t ions  o f  a n t ib o d ie s  than the  same t o t a l  volume 
o f  colostrum given as a s in g le  fe e d .  Under s tandard ised  c o n d i t io n s  o f  
management Selman (1969) was unable to demonstrate any s i g n i f i c a n t  
d i f f e r e n c e  between the  mean conce n tra t io n s  of  absorbed immunoglobulins 
o f  two groups o f  ten  c a lv e s ,  one group o f  which was fed the t o t a l  
al lowance o f  colostrum on a bodyweight basis a t  one hour post-partum  
and the  o th e r  group o f  which was fed t h e i r  volume of  colostrum in th r e e  
equal feeds a t  one, f i v e  and n ine hours post-partum.  Selman (1969)  
observed t h a t  ca lves  which were a l lowed to  remain w i th  t h e i r  mothers 
absorbed s i g n i f i c a n t l y  more c o lo s t r a l  whey immunoglobulins than calves  
which separated from t h e i r  dams immediate ly a t  b i r t h .  Moreover,  work 
by the  same author  (Selman, 1969) in d ica ted  t h a t  the breed of a c a l f  
may in f lu e n c e  i t s  a b i l i t y  to  absorb c o lo s t r a l  whey immunoglobulins as 
I t  was shown th a t  A y r s h i r e x F r ie s i a n  ca lves  absorbed immunoglobulins  
more e f f i c i e n t l y  than pure-bred A y rsh i re  calves under the same 
s tandard ised  c o n d i t ions  o f  management. Kruse (1970c) a ls o  suggested 
t h a t  th e re  was "a g e n e t i c a l l y  determined v a r i a t i o n  in a b i l i t y  to  
absorb ImmunoglobulIn".
T h e re fo re  w i th  knowledge of  the  above fa c t o r s  var ious  regimens 
o f  fe ed in g  colostrum tp  newborn calves  under c o n t r o l l e d  cond i t ions  were 
examined to  determine t h e i r  e f f e c t  on the  subsequent serum co n c e n t ra t io n  
o f  absorbed immunoglobulins in the  c a lv e s .  From these experiments  i t
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was hoped to  f i n d  a managemental system of  colostrum fe ed ing  which 
would c o n s i s t e n t l y  achieve high serum concentra t ions  o f  absorbed 
c o l o s t r a l  immunoglobulins.  The o p p o r tu n i ty  was a ls o  taken to  examine 
the  e f f e c t  of  the breed of  c a l f  on the a b i l i t y  to  absorb c o lo s t r a l  
immunoglobulins and to  compare the serum concentra t ions  o f  absorbed 
immunoglobulins o f  calves born in s t r i c t l y  c o n t r o l l e d  cond i t ions  w i th  
those o f  calves  purchased a t  local  markets when th ree  to  four  days old,
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MATERIALS AND METHODS
1. Cows, c a lv e s ,  and t h e i r  management
a) Cows
The cows and h e i f e r s  were admit ted  to  the  V e t e r in a r y  School 
dur ing  the l a s t  few days o f  g e s t a t io n .  With one exception  the  animals  
were a l l  o f  d a i ry  breeds and main ly  A y r s h i r e s ,  F r i e s ia n s  and crosses  
between these two breeds.  The animals  were suppl ied by two d ea le rs  in 
the  west o f  Scot land .
The animals  were aged on the  number o f  permanent in c is o r  te e th  
present  and on t h e i r  general  appearance,  and were c l a s s i f i e d  as h e i f e r s  
or  cows. Exact ageing o f  the  animals w i th  more than four  p a i rs  o f  
permanent in c is o rs  was not p o s s ib le .
None o f  the  animals used showed any sign of  i l l  h e a l th  during  
the  per iod  o f  h o s p i t a l i s a t i o n .  The m a j o r i t y  o f  animals were a l lowed to  
c a lv e  n a t u r a l l y  and the  a s s is ta n c e  In the  form o f  t r a c t i o n  was a p p l ie d  
only  i f  i t  was deemed necessary.
b) Accommodâtion
The cows were housed in a holding byre u n t i l  they were found 
t o  be in the  f i r s t  stage o f  l a b o u r ,  or on vaginal  examinat ion were found 
t o  be approaching t h i s  stage (see be low) .  With the except ion  of  the  
animals  noted below, the cows were then t r a n s f e r r e d  to  a we l l -bedded  
loose-box .  Frequent o bs erva t ion  o f  the  cows was i n s t i t u t e d  u n t i l  they  
had ca lved  or a ss is tan c e  was thought necessary.  The 15 cows o f  Group 
E , (Chapter 2 , Section 2) were a l lowed to  ca lve  in the  ho ld ing byre .
c) Feeding
The animals  were o f f e r e d  15-20 lb s .  o f  hay d a i l y  and were fed  
tw ice  d a i l y  w i th  8 l b s ,  d a i r y  concentra tes  (BOOM -  Red Label Nuts ,  
BOCM/Si1 c o c k ) .
d) P r e d ic t io n  o f  p a r t u r i t i o n  and dam shape
The method o f  the  p r e d i c t i o n  o f  p a r t u r i t i o n  used was t h a t  
descr ibed by Selman (1969) and the  f o l lo w in g  t a b l e  is taken from t h a t  
t h e s i s .
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Consistency of
Table  5
Diameter of  P o s t e r io r P red ic ted  t ime
C e rv ix Os .of Cervix of  P a r t u r i t i o n
1) Hard 3 f in g e r s 7-15  hours
2) S o f t 3 f i n g e r s 8-15  hours
3) S o f t 4 f in g e r s  
( A n te r io r  Os, 1 f in g e r )
4 -1 0  hours
4) S o f t 1 inch r im remaining 2 -6  hours
5) Complete d i l a t i o n 2-5  hours
The comment by Selman (1369) t h a t  some cows progressed f a s t e r  
than o t h e r s ,  e s p e c i a l l y  those w i th  a s o f t ,  d i f f i c u l t  to  l o c a t e ,  c e r v i x  
was a ls o  v a l i d .
In his  s tud ies  on the  s uck l ing  behaviour o f  the  neonatal  c a l f  
Selman (1969) de f ined  and used the terms "good shape" and "poor shape"  
t o  d e scr ibe  cows p r i o r  t o  p a r t u r i t i o n .  By d e f i n i t i o n ,  "good shape"  
meant t h a t  th e  udder and te a t s  were e i t h e r  leve l  w i th  or h igher  than the  
dam's x ip h i  sternum, and "poor shape" meant t h a t ,  due to  the la r g e  s iz e  
of  abdomen and /or  udder and t e a t s ,  the  x iph i  sternum was the h ighest  p a r t  
o f  the  dam's u n d e r b e l ly ,
e) C o l l e c t i o n  of  colostrum and blood
A sample o f  colostrum was obta ined by m i lk in g  approximate ly  
50ml o f  colostrum from each q u a r te r  and pool ing the 200ml so o b ta in e d .
The t ime o f  sampling v a r ie d  but in those cows which were suck led ,  the  
sample was c o l l e c t e d  immediate ly  a f t e r  the c a l f  f i n i s h e d  s u c k l in g .  For 
those cows which were l e f t  w i th  t h e i r  calves  fo r  48 hours,  the  pooled  
sample o f  colostrum was c o l l e c t e d  a t  approximate ly  15 minutes post-par tum.  
However, the  dams o f  the  calves  in which colostrum feeding  v;as delayed  
were machine-milked ( A l f a - l a v a l  C o . L t d . ,  O a k f i e l d ,  Cwmbran, Gwent) a t  
some t ime during  per iod  between the  b i r t h  and feed ing o f  the c a l f .  A 
200ml sample o f  t h i s  pooled colostrum was r e t a in e d .  A sample o f  blood  
was c o l l e c t e d  from the  j u g u l a r  ve in  o f  each cow a t  the  same t ime as the  
sample o f  colostrum was c o l l e c t e d .
P r i o r  to  suck l ing  or  m i l k i n g ,  the udder o f  each cow was washed 
w i th  a d i l u t e  a n t i s e p t i c  s o lu t io n  (Savlon,  I C I ,  M a c c l e s f i e l d ,  C h e s h i re ) .
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f )  Calves
The 282 ca lves  descr ibed in t h i s  th e s is  consis ted  o f  168 
calves  born a t  the V e t e r in a r y  School and 115 ca lves  purchased a t  local  
markets in the  west o f  S cot land ,
For those 168 ca lves  born a t  the V e t e r in a r y  School,  every  
p a r t u r i t i o n  was superv ised as descr ibed above.  The aim was to  have a 
group o f  14 or 15 ca lves  born dur ing a two week p e r io d ,  but t h i s  was 
not always p o s s ib le .  One hundred and f o r t y  f i v e  calves  were reared In 
12 groups. Because o f  the d i f f i c u l t y  in o b ta in in g  cows a t  the  c o r r e c t  
stage o f  g e s t a t io n ,  the number o f  ca lves  in each group v a r ie d ,  from 
seven to  15 (Table  6 ) ,  The ca lves  were born over a per iod  o f  29 months 
from February 1971 to  July  1973.  The method, t im ing  and volume o f  
colostrum fed to  each c a l f  v a r ie d  from group to  group and even w i t h i n  
groups and w i l l  be descr ibed s e p a r a te ly  in each a p p r o p r ia t e  s e c t io n ,  but 
subsequently  a l l  the g roup-reared  calves  were fed a p r o p r i e t a r y  m i lk  
s u b s t i t u t e  powder (V itamealo  C a l f  M i l k  Meal ,  Beecham A g r i c u l t u r a l  
Products ,  London) from an autom at ic  c a l f  feeder  (Nu rse t te  Model 30,
F i fa r m - N u r s e t t e  L t d . ,  Cupar, F i f e ) ,  The remaining 26 calves  were 
reared i n d i v i d u a l l y .  The ca lves  born to  the d a i r y  cows and h e i f e r s  
were judged to  be e i t h e r  A y r s h i r e s ,  F r i e s i a n s ,  crosses between those  
two breeds,  Hereford crosses or o c c a s io n a l ly  o th e r  breeds and crosses.  
Throughout t h i s  th e s is  the dam's breed is given f i r s t ,  e .g .  AxF.xF =
Ayrsh ire xFr ie s ian (dam )  x F r ie s i a n  (si re) ; AxH = A y rs h ire (d a m )x H e re fo rd (s i  re)
The t ime o f  p a r t u r i t i o n ,  i n i t i a t i o n  and c essat ion  o f  colostrum  
suck l ing  (where a p p ro p r ia te )  were noted to  the  nearest  minute fo r  each 
c a l f .  Fu l l  d e t a i l s  a re  presented in Appendix 1.
The te rminology  d e f in e d  by Cowîe, Fol l e y .  Cross,  H a r r i s ,  
Jacobsohn and Richardson (1951) f o r  use in l a c t a t i o n a l  physiology has 
been adhered to  throughout t h i s  t h e s i s .
g) Weighing o f  calves
Calves were weighed immediate ly p r i o r  to  s u c k l in g ,  normally  a t  
15 minutes post-partum and again  immediately a f t e r  the  cessat ion  o f  
su c k l in g .  Weighings were c a r r i e d  out on a set  o f  scales  (Avery,  Type 
3202 CLE, Birmingham, England) weighing up to  110 lb s .  in ? l b .  d i v i s i o n s .  
Body weights were recorded to  the nearest l b .  These weights were
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TABLE 6 
Management of  calves
GROUP NO. NUMBER OF CALVES METHOD OF FEEDING COLOSTRUM
11 Calves Ass is ted  to  suckle dam to  s a t i a t i o n
Nos. 1-11 once only  immediately a f t e r  b i r t h ;
whole m i lk  f o r  3 days,  then onto  
automatic  c a l f  fe e d e r .
14 Calves Ass is ted  to  suckle dam to  s a t i a t i o n
Nos. 12-25 once only  immediately a f t e r  b i r t h ;
then d i r e c t l y  onto automatic  c a l f  
f e e d e r .
14 Calves Ass is te d  to  suckle dam to  s a t i a t i o n
Nos. 26 -39  immediately a f t e r  b i r t h ;  l e f t  w i th
dam fo r  12 hours; encouraged to  
suckle  aga in ;  then d i r e c t l y  onto  
automatic  c a l f  fe e d e r ,
11 Calves A ss is ted  to  suckle dam to  s a t i a t i o n
Nos. 40 -50  immediately a f t e r  b i r t h ;  l e f t  w i th
dam fo r  12 hours; encouraged to  
suckle a ga in ;  then d i r e c t l y  onto  
automatic  c a l f  f e e d e r ,
7 Calves A ss is te d  to  suckle dam to  s a t i a t i o n
Nos. 51 -57  once only  immediately a f t e r  b i r t h ;
then d i r e c t l y  onto automatic  c a l f  
fe e d er .
10 Calves A ss is ted  to  suckle dam to  s a t i a t i o n
Nos. 58-67  once only  immediate ly a f t e r  b i r t h ;
5 calves (59,61 ,6 3 ,6 5 ,6 7 )  d i r e c t l y  
onto automatic  c a l f  f e e d e r ;  5 calves  
(5 8 , 6 0 , 6 2 , 6 4 , 66) on whole cows' m i lk  
fo r  4 days; then onto autom at ic  c a l f  
fe e d e r .
9 Calves A ss is ted  to  suckle dam to  s a t i a t i o n
Nos, 68-76  once on ly  immediately a f t e r  b i r t h ;
4 calves  (6 9 , 7 1 , 7 3 , 75) d i r e c t l y  onto  
automatic  c a l f  fe e d e r ;  5 ca lves  (68 ,  
7 0 , 7 2 , 7 4 , 76) on whole cows' m i l k  fo r  
4 days; then onto automatic  c a l f  
f e e d e r .
14 Calves 7 calves  ( 8 2 ,8 3 , 8 4 , 8 5 , 8 9 , 9 1 , 9 5 )  -
Nos. 82-95  Ass is ted  to  suckle  dam to  s a t i a t i o n
once only immediately a f t e r  b i r t h ;  
then d i r e c t l y  onto automatic  c a l f  
fe e d e r .
7 calves  ( 8 6 , 8 7 , 8 8 , 9 0 , 9 2 , 9 3 , 9 4 )  -  
Fed 1500ml dam's colostrum a t  0 hours 
post-partum; then d i r e c t l y  onto  
automatic  c a l f  fe e d e r .
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TABLE 6 ( C o n t 'd )
GROUP NO. NUMBER OF CALVES' METHOD OF FEEDING COLOSTRUM
9 10 Calves 5 calves ( 9 6 ,9 7 ,9 8 ,1 0 3 ,1 0 6 )  -
Nos, 96-106  a ss is ted  to  suckle dam once only  
immediately a f t e r  b i r t h ;  then 
d i r e c t l y  onto automatic  c a l f  fe e d e r .
5 calves  ( 9 9 ,1 0 0 ,1 0 1 ,1 0 2 ,1 0 5 )  -  
Fed 1500ml dam's colostrum a t  6 hours 
post-partum; then d i r e c t l y  onto  
automatic  c a l f  f e e d e r .
10 15 Calves 5 calves  ( 1 1 1 ,1 1 2 ,1 1 3 ,1 1 8 ,1 2 0 )  -
Nos. 107-121  a ss is ted  to  suckle  dam once on ly
immediately a f t e r  b i r t h ;  then 
d i r e c t l y  onto automatic  c a l f  f e e d e r .
5 calves  ( 107 , 109,1 10,1 1 7,1 21 ) -  
al lowed to  remain w i th  dam f o r  48 
hours; then onto automatic  c a l f  
fe e d e r .
5 calves  ( 1 0 8 ,1 1 4 ,1 1 5 ,1 1 6 ,1 1 9 )  -  
fed 1700ml dam's colostrum a t  8 hours 
post-par tum; then d i r e c t l y  onto  
automatic  c a l f  f e e d er .
11 15 Calves 5 calves (12 5 ,1 29 ,1 33 ,1  34,135) -
Nos. 122 - 136 a ss is te d  to  suckle  dam once only
immediately a f t e r  b i r t h ;  then  
d i r e c t l y  onto automatic  c a l f  f e e d e r ,
5 calves  ( 122 , 123 , 124 , 130 , 132) -  
al lowed t o  remain w i th  dam f o r  48 
hours; then onto automatic  c a l f  
f e e d e r .
5 calves  (126,1 27 ,128 ,1  31 ,1 36) -  
fed 1700ml dam's colostrum a t  8 hours 
post-partum; then d i r e c t l y  onto  
automatic  c a l f  f e e d e r ,
12 15 Calves 5 calves  ( l 4 l , 1 42 ,1 4 4 ,1 4 7 ,1 4 8 )  -
Nos. 1 3 7 -1 51 a ss is ted  to  suckle dam once only
immediately a f t e r  b i r t h ;  then 
d i r e c t l y  onto automatic  c a l f  f e e d e r ,
5 calves  (137 ,138 ,1  3 9 ,1 43 ,1 46 )  -  
al lowed to  remain w i th  dam fo r  48 
hours; then d i r e c t l y  onto automatic  
c a l f  fe e d e r .
5 calves  ( 1 4 0 ,1 4 5 ,1 4 9 ,1 5 0 ,1 5 1 )  -  
fed 1700ml dam's colostrum a t  8 hours 
post -par tum;  then d i r e c t l y  onto  
automatic  c a l f  fe e d e r .
In d iv id u a l  Nos, 7 7 -8 1 ,  A ss is ted  to  suckle dam to  s a t i a t i o n
calves  1 0 4 ,1 5 1 -1 6 6 ,  once only  immediately a f t e r  b i r t h ;
204 ,2 2 4  reared I n d i v i d u a l l y ,
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converted to  k i lograms.  No c a l f  u r in a te d  during  s uck l ing  but the  
occasional  c a l f  d id  pass meconium. When t h i s  happened, the cow was 
prevented from inge st ing  i t .  I t  was c o l le c t e d  on a sheet of  paper and 
weighed w i th  the c a l f  a f t e r  suck l ing  was completed.
h) C o l l e c t i o n  o f  blood
A blood sample was taken from the j u g u l a r  ve in  o f  each c a l f
a t  15 minutes post-partum (p r e c o lo s t r a l  sample) and again  a t  48 hours
post-partum (post c o l o s t r a l  sample) .
i )  Market calves
One hundred and f i f t e e n  calves  purchased a t  loca l  markets in 
the  west o f  Scot land were adm it ted  to  the  Department o f  V e t e r in a r y  
Medic ine  a t  Glasgow U n i v e r s i t y  V e t e r in a r y  School from October 1973 to  
January 1976,  The ca lves  were less than one week o ld  on admission and 
most were considered to  be t h r e e  to  four  days o ld .  They were mainly  
male calves  o f  the A y r s h i r e  or F r i e s i a n  breeds or crosses between those  
two breeds.
A blood sample was taken from the j u g u l a r  ve in  immediate ly
a f t e r  admission to  the  V e t e r in a r y  School,  and s ince  t h i s  was the on ly
sample a v a i l a b l e  from these ca lves  the  serum immunoglobulin c o n ce n tra t io n  
o f  t h i s  sample was assumed t o  be the absorbed immunoglobulin c o n ce n tra t io n  
(see below) .
2 .  Laboratory  procedures
a) P rep a ra t io n  o f  serum and c o l o s t r a l  whey
Blood was a l lowed to  c l o t  a t  room temperature  f o r  4 hours and 
the  serum was removed a f t e r  c e n t r i f u g a t i o n  a t  lOOOg fo r  15 minutes.  An 
al iquot o f  serum was used f o r  an immediate e s t im a t io n  o f  the serum 
immunoglobulin co n ce n t ra t io n  using the  z in c  su lphate  t u r b i d i t y  t e s t  (see 
be low) .  The remainder was sto red  a t  -20°C u n t i l  a l l  the  samples had 
been c o l l e c t e d .  Each la b o r a to ry  procedure was then c a r r i e d  out on a l l  
samples s im u l taneous ly .
C o lo s t ra l  whey was prepared w i t h i n  24 hours o f  c o l l e c t i o n  by 
adding 0 .2 5  ml o f  commercial rennet to  25 ml o f  colostrum in a u n iversa l  
b o t t l e .  The m ix tu re  was then incubated a t  37°C in a water  bath u n t i l  
i t  was seen to  be wel l  c l o t t e d .  The sample v/as then c e n t r i f u g e d  a t
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1000 g f o r  20 minutes and the almost c l e a r  whey was c a r e f u l l y  removed 
w i th  a Pasteur p i p e t t e .  Care was taken a t  t h i s  stage not to  remove 
any c o lo s t r a l  f a t ,  which formed an upper l a y e r  on the  sur face  o f  the  
sample.  Fol lowing storage a t  -20°C t o t a l  p ro te in  e s t im a t io n  and paper  
e le c t r o p h o r e s is  were c a r r i e d  out on a l l  samples a t  the same t im e .
b) Est im at ion  o f  the serum immunoglobulin co n ce n tra t io n
This  was performed using the z in c  sulphate  t u r b i d i t y  t e s t  as 
descr ibed by McEwan and o thers  (1 970b) .
A s o lu t io n  o f  z in c  sulphate  (208 mg ZnSO^.7H2O / I i t r e )  was 
prepared in a v o lu m etr ic  f l a s k  using carbon d i o x i d e - f r e e  d i s t i l l e d  
w a t e r .  Two matched c o lo r im e te r  tubes were then taken and 6 ml o f  
d i s t i l l e d  water  were placed in to  the f i r s t  (c o n t ro l )  and 6 ml o f  the  
ZnSO^ s o lu t io n  were placed in to  the second ( t e s t ) .  A sample (O.lml)  
o f  the serum under t e s t  was d e l iv e r e d  in to  each tube using an a u t o - z e r o  
high p re c is io n  p i p e t t e  (H .J .  E l l i o t  L t d . ,  E-mil  Works, T r e f o r e s t ,  
Glamorgan).  The tubes were then g e n t ly  shaken and a l lowed to  stand 
f o r  a t imed 30 minutes a t  room tem perature .  A f t e r  t h i s  t ime the  tubes  
were again shaken to  ensure an even r e d i s t r i b u t i o n  of  the p r e c i p i t a t e  
and in ser ted  i n to  an E .E .L .  c o lo r im e te r  (Evans E lec t ro se len iu m  L t d . ,
S t .  Andrews Works, H a ls tea d ,  Essex) ,  a f t e r  the instrument had been set  
to  zero  w i th  a "b lan k"  tube co n ta in in g  d i s t i l l e d  water  o n ly .  A b lu e -  
green f i l t e r  ( I l f o r d  No. 623) w.as used. The t u r b i d i t y  reading was 
found by s u b t r a c t in g  the  reading obta ined fo r  the  contro l  tube from 
t h a t  o f  the t e s t  tube and m u l t i p l y i n g  the d i f f e r e n c e  by a f a c t o r  o f  10.  
This gave a r e s u l t  in ZST u n i t s .  The v a lu e ,  whenever necessary,  was 
then c o r rec te d  to  the neares t  whole number ( i . e .  0 .5  = 1 , 0 ) .  The 
48-hour  absorbed serum immunoglobulin c o n ce n tra t io n  was taken to  be 
the  va lue  obta ined when the  p r e - c o lo s t r a l  va lue  was subtracted  from 
the p o s t - c o lo s t r a l  v a lu e .
c) Es t im at ion  o f  c o lo s t r a l  whey t o t a l  p r o te in  c o n ce n t ra t io n
A f t e r  p re p a ra t io n  o f  the  c o lo s t ra l  whey as de scr ibed ,  the  
t o t a l  p r o t e in  c o n ce n t ra t io n  of  t h i s  whey was then measured using a 
B iu re t  re a c t io n  as described by Weichselbaum (1946 ) .
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d) Est im at ion  o f  c o lo s t ra !  whey immunoglobulin c o n c e n tra t io n
C o lo s t ra l  whey was prepared by the method described above.  
E le c t ro p h o re s is  o f  the whey was c a r r i e d  out using the technique • 
descr ibed by Nei l  ( 1 9 6 3 ) .  The r e s u l t i n g  s t r i p s  were eva lua ted  
a u t o m a t i c a l l y  using a Chromoscan recording densi tomete r  (Joyce Loebl  
and Company L t d . ,  Gateshead, England) again using the  method descr ibed  
by Nei l  (1 963 ) .  Two c e l l u l o s e  a c e t a t e  s t r i p s  were completed f o r  each 
c o lo s t r a l  whey sample. The mean f o r  the two re s p e c t iv e  immunoglobulin  
f r a c t i o n s  was used to  determine the c o lo s t ra l  whey immunoglobulin 
f r a c t i o n s  from the p re v io u s ly  determined c o lo s t r a l  whey t o t a l  p r o t e in  
c o n c e n t ra t io n .
e) Immunological methods
A d e t a i l e d  d e s c r i p t i o n  o f  the  immunological methods used Is 
given in Chapter 4 .
f )  S t a t i s t i c a l  methods
Throughout t h i s  work,  the  parametr ic  s t a t i s t i c a l  methods 
employed a re  those descr ibed by Bishop (1971) ;  d e v ia t io n s  o f  the mean 
are  expressed as standard d e v ia t io n s  ( S . D . ) .  The non-param etr ic  
s t a t i s t i c a l  methods employed, the  Friedman two-way a n a l y s is ,  Spearmans 
Ranked C o r r e l a t io n  and the  Mann-Whitney t e s t  are  those described by 
Siegel  ( 1 9 56 ) .  The m a jo r i t y  o f  c a lc u l a t io n s  were performed on a desk 
top computer ( O l i v e t t i  Programma 101) and the  s ig n i f i c a n c e  l e v e ls  
est im ated  using the  t a b le s  of  F isher  and Yates (1 9 63 ) .
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SECTION 1
THE ABSORPTION OF COLOSTRAL WHEY IMMUNOGLOBULINS BY THE NEWBORN CALF:
The e f f e c t  o f  t ime and frequency o f  s u c k ! in g .
Management o f  calves
The 50 ca lves  o f  Groups 1,  2 ,  3 and 4 (Table  6 )  were d iv id e d  
i n to  two t rea tm ent  groups each o f  25 calves on the basis of  p o s t -n a ta l  
management; group A, ca lves  1-25 (Groups 1 and 2) and group B, ca lves  
26 -50  (Groups 3 and 4 ) .  A l l  p a r t u r i t i o n s  took p lace  in we l l -bedded  
loose boxes. The fo u r  groups o f  calves  (Groups 1, 2 ,  3,  4) were born 
over a s ix  month per iod from February ,  1971 to J u ly ,  1971; the 11 
calves  o f  Group 1 were born during  a 14 day per iod  from 22 /2 /71  to  
7 / 3/71 ; the 14 ca lves  o f  Group 2 were born during  a 12 day per iod  
from 23 / 3/71 to  3/ 4/71  ; the 14 calves  of  Group 3 were born during  a 
16 day per iod from 11/6 /71  to  2 6 / 6 / 7 1 ;  the 11 calves  of  Group 4 were 
born during a 20 day per iod from 6 /7 /7 1  to  2 5 / 7 / 7 1 .
Group A . immediately a f t e r  p a r t u r i t i o n ,  the dams were a l lowed to  l i c k  
t h e i r  calves  f o r  approx im ate ly  10-15 minutes u n t i l  most o f  the a m n io t ic  
f l u i d  had been removed. A f t e r  weighing and the c o l l e c t i o n  o f  blood,  
the  ca lves  were .encouraged t o  suckle  t h e i r  dams, which a t  t h i s  stage  
were always h a l t e r e d .  The m a jo r i t y  of  calves  were unable to stand 
w ith o u t  support and had t o  be held in such a p o s i t io n  to  enable  them to  
suckle  (F igure  1 ) .  A t e a t  was introduced in to  the  mouth o f  each c a l f ,  
and i f  i t  was slow to  i n i t i a t e  suck l ing  movements, a l i t t l e  colostrum  
was milked in to  the  mouth. When th e  c a l f  had emptied one q u a r t e r ,  i t  
was guided to  another  ànd the  po in t  o f  s a t i a t i o n  was judged to  be 
a t t a i n e d  when the c a l f  no longer  showed any i n c l i n a t i o n  to  suckle ( i . e .  
when t e a t  seeking advances and suck l ing  movements were no longer  made).  
Having suckled to s a t i a t i o n ,  each c a l f  was immediate ly separated from 
I t s  dam, reweighed, and placed in the  separa te  re a r in g  accommodation.
Group B. Immediately a f t e r  p a r t u r i t i o n  the  25 ca lves  of  group B were 
a ls o  a s s is t e d  to  suckle to  s a t i a t i o n  as descr ibed above.  However,  
having been weighed a f t e r  suck l ing  each c a l f  o f  group B was re tu rned  to  
I t s  dam in the  loose-box .  Each c a l f  was then a l lowed to  remain w i th  
and to  have f r e e  access to  i t s  dam u n t i l  12 hours post -par tum.  A t  t h i s
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fFIGURE 1 E a r ly  a s s is te d  suckl ing
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t im e ,  each c a l f  was again  weighed and encouraged to  s uck le .  I f  a c a l f  
suck led ,  i t  was again  given the  o p p o r tu n i ty  to  suckle  to  s a t i a t i o n  and 
reweighed. A f t e r  t h i s  second a s s is t e d  suckl ing p e r io d ,  the  calves  o f  
group B were separated from t h e i r  dams and placed in the  f i n a l  re a r in g  
accommodation. During the  second suck l ing  period a l l  the calves  were 
ambulatory .
The p r e -  and p o s t -s u c k l in g  weights and the  times a t  
commencement and complet ion o f  suck l ing  were noted f o r  each o f  the 50 
ca lv es .
Results
L i t t l e  d i f f i c u l t y  was encountered in encouraging the ca lves  to  
suckle dur ing the f i r s t  hour o f  l i f e .  Indeed on app ly ing  d i g i t a l  
pressure to the  muzzle,  the m a jo r i t y  of  newborn calves  immediately  
adopted the  suck l ing  p o s i t io n  w i th  the tongue, l i p s  and mouth. 
Encouraging calves  to  suckle a t  12 hours post-partum proved to  be much 
more d i f f i c u l t  and t h i s  was only  possib le  w i th  11 o f  the 25 calves  in 
group B, The calves  o f  group B were not monitored during  the  12 hours 
post-partum t h a t  they were a l lowed to  remain w i th  t h e i r  dams and the  
number o f  t im es ,  i f  any,  t h a t  a c a l f  suckled during  t h i s  per iod was not  
known; i t  was not c le a r  i f  the re lu c ta n c e  o f  the  remaining 14 was the  
r e s u l t  o f  t h e i r  having a l r e a d y  suckled.
The mean values f o r  the 48-hour  serum concentra t ions  o f  
absorbed immunoglobulin,  the  b i r t h  w e igh ts ,  the  mass o f  colostrum  
ingested ,  the times from b i r t h  to  complet ion o f  s u c k l in g ,  the  t imes  
req u i red  f o r  suck l ing  to  s a t i a t i o n  and the  c o lo s t ra l  whey immunoglobulin 
concentra t ions  fo r  groups A and B a r e  presented in Table  7* The 
in d iv id u a l  re s u l ts  f o r  th e  50 calves a re  presented in Appendix 2.
In group A the 48-hour  serum concentra t ions  o f  absorbed  
Immunoglobulins v a r ie d  from 16 ZST u n i ts  ( c a l f  9) to 44 ZST u n i ts  
( c a l f  1) w i th  a mean o f  2 7 .24  -  6 .1 0  ZST u n i t s .  In group B the 48-hour  
serum co n cen tra t io n  o f  absorbed immunoglobulins v a r ie d  from 11 ZST u n i ts  
( c a l f  39) to 46 ZST u n i ts  ( c a l f  34) w i th  the mean f o r  a l l  25 calves  
being 29.20  ^  9 .40  ZST u n i t s .  No s i g n i f i c a n t  d i f f e r e n c e  e x is te d  
between these two mean v a lu e s ,  but i n d i v i d u a l l y  12 calves  o f  group B 
had 48-hour serum c oncentra t ions  o f  absorbed immunoglobulins in excess  
o f  30 ZST u n i ts  compared w i th  only  e ig h t  calves  o f  group A.
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TABLE 7
The absorpt ion  o f  c o lo s t ra ]  whey immunoglobulins by newborn calves
Group A -  25 calves  a s s is t e d  to  suckle colostrum to  s a t i a t i o n
immediately a f t e r  b i r t h .
Group B -  25 ca lves  t r e a t e d  s i m i l a r l y but a l lowed to  remain w i th
t h e i r  dams and encouraged to suckle again a t  12 hours
post-par tum.
Group A Group B
Number o f  calves 25 25
48 hour serum co n c e n t ra t io n  of  
absorbed immunoglobulin - 2 7 .24 29 .20
ZST u n i t s " ^ 6 .1 0 -  9 .40
B i r t h  weight  -  kg 3 4 .6 4 33.45
-  5 .3 4 -  5 .1 9
Weight o f  colostrum ingested a t 2 .52 2 .4 6
i n i t i a l  suckl ing -  kg ' ' -  0 .7 3 t  0.81
C o lo s t ra l  whey immunoglobulin 7.31 6.71
c o n c e n tra t io n  -  g/100  ml -  2 .1 6 t  1 .8 5
Time from b i r t h  to  complet ion  o f 70 .76 6 6 .1 6
i n i t i a l  R uck l ing  period -  
minutes -  16 .30 t  15.41
Time requ ired  to  suckle to  s a t i a t i o n 26 .72 2 3 .16
a t  i n i t i a l  suck l ing  period -  
minutes * -  8 .5 9 t  8 .0 2
Weight o f  colostrum ingested a t - 1 .15  * *
second suck l ing  period -  kg * -  0 .7 5
*  Mean -  S.D.
■** Number o f  calves  which suckled = 11
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The weight o f  colostrum ingested by the 50 ca lves  a t  the  
i n i t i a l  suck l ing  per iod v a r ie d  con s id era b ly  frcxn 0 . 4  kg ( c a l f  27) to
4.1 kg ( c a l f  16) and the mean weight  o f  colostrum ingested a t  the f i r s t
+ + 
suck l ing  per iod was 2 ,5 2  -  0 ,7 3  kg and 2 ,4 6  -  0.81 kg f o r  groups A and
B r e s p e c t i v e l y .  Although th e re  was no s i g n i f i c a n t  d i f f e r e n c e  in the
mean b i r t h  weights o f  the  two groups, the mean b i r t h  weight  of  Group A
exceeded th a t  o f  group B by more than 1 kg. When the weight of
colostrum ingested a t  th e  f i r s t  suck l ing  per iod was expressed as a
percentage o f  the b i r t h  weight the  values var ie d  from 1 ,0  to  12 ,5  per
cent but the mean percentage fo r  groups A and B was 7 .2 8  -  1 ,9 7  per
cent and 7 .4 6  ^ 2 .43  per cent r e s p e c t i v e l y .  As s ta te d  above only  11
calves  o f  group B suckled a t  12 hours post-partum and even in these
calves  the  weight  o f  co lostrum ingested a t  t h i s  second suck l ing  per iod
was much less  than t h a t  consumed a t  the  f i r s t  suck l ing  p e r io d .  The
weight o f  colostrum ingested a t  the  second suck l ing  per iod  v a r ie d  from
0.1 kg ( c a l f  50) to  2 .3  kg ( c a l f  26) w i th  the  mean f o r  the 11 calves
being 1 ,15  -  0 ,7 5  kg.
The average t ime from b i r t h  to  complet ion o f  suck l ing  was j u s t  
over  one hour f o r  both groups but th e  length  o f  t ime t h a t  each c a l f  
suckled to  a t t a i n  s a t i a t i o n  was c o n s id e ra b le ,  being 26 ,72  -  8 .59  minutes  
f o r  the  ca lves  of  group A and 2 3 .16  -  8 ,0 2  minutes f o r  the ca lves  of  
group B, One c a l f  (10) took 54 minutes t o  reach s a t i a t i o n  and two 
calves  (3,  28) req u i re d  40 m inutes .
Wide in d iv id u a l  v a r i a t i o n  occurred in the c o n cen tra t io n s  o f
immunoglobulins in the c o l o s t r a l  wheys fed to  the ca lves  from 3.67g/100ml
( c a l f  26) to  I4 .22g /100m l  ( c a l f  1 5 ) .  The mean c oncentra t ions  o f
immunoglobulins in the  whey o f  the  colostrum suckled by the ca lves  o f
+ + 
groups A and B were 7.31 -  2 .1 6  g/lOOml and 6,71 -  1 ,85  g/lOOml
r e s p e c t i v e l y .  There was no s i g n i f i c a n t  d i f f e r e n c e  between these v a lu e s .
No samples o f  colostrum were c o l l e c t e d  from the dams o f  the ca lves  in
group B a t  12 hours post-partum and a l l  values r e f e r  to  those samples
c o l le c t e d  a t  th e  end of  the  f i r s t  suck l ing  p e r io d .
Three ca lves  a re  worthy o f  f u r t h e r  ment ion.  C a l f  9 (group A ) , 
a male A y rs h i re  c a l f ,  was very  vigorous a t  b i r t h  and very keen to  s u ck le .  
The dam, however, was a pr imiparous h e i f e r  which had very small t e a t s  
and the  s i z e  o f  the t e a t s  made prehension very d i f f i c u l t .  As a r e s u l t  
the  c a l f  had ingested only  0 . 8  kg o f  colostrum a f t e r  28 minutes,  and
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the  48-hour  serum c o n ce n tra t io n  o f  absorbed immunoglobulins was 16 ZST 
u n i t s .  At th e  i n i t i a l  suck l ing  per iod c a l f  27 (group B ) , an A y r s h i r e  
h e i f e r  c a l f ,  ingested only  0 . 4  kg a f t e r  suckl ing f o r  25 minutes.  This  
was due to  two f a c t o r s ,  the c a l f ' s  d i s i n t e r e s t  in suck l ing  and the  dam's 
l a r g e  p u f fy  t e a t s .  At 12 hours post-partum the c a l f  ingested another
0 . 7  kg o f  colostrum under su p erv is io n  and the 48-hour  serum 
immunoglobulin c o n c e n tra t io n  was 23 ZST u n i t s .  C a l f  41 (group B) a male 
A y r s h i r e  c a l f ,  s u f fe re d  a prolonged p a r t u r i t i o n  as a r e s u l t  o f  dystoc ia  
and c o ns iderab le  e f f o r t  was re q u i re d  to  re v iv e  the c a l f .  The c a l f  was 
q u i t e  languid  and 94 minutes elapsed between b i r t h  and the  i n i t i a t i o n  
o f  s u c k l in g .  U n f o r tu n a te ly  the  c a l f  soon became d i s i n t e r e s t e d  in 
suck l ing  and consumed only  0 . 8  kg. At 12 hours post-partum i t  re fused  
to  suckle  a t  a l l  and i t s  serum c o n ce n tra t io n  o f  absorbed immunoglobulins  
a t  48 hours o f  age was 12 ZST u n i t s .
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SECTION 2
THE ABSORPTION OF COLOSTRAL WHEY IMMUNOGLOBULINS BY NEWBORN CALVES:
The e f f e c t  o f  d i f f e r e n t  i n t e n s i t i e s  o f  husbandry 
during  the  immediate p o s t -n a ta l  p e r io d .
From the r e s u l t s  obta ined in Section 1 i t  was apparent t h a t  
th e  e a r l y  a ss is ted  feed ing o f  colostrum re s u l te d  in high concentra t ions  
o f  absorbed immunoglobulin in the m a jo r i t y  o f  c a lv e s .  However, the  
superv is ion  o f  every  c a lv in g  and the handling o f  calves which might  
s t i l l  be covered in a m nio t ic  f l u i d  was t ime consuming, and the o p p o r tu n i ty  
was taken to  compare, under c o n t r o l l e d  c o n d i t io n s ,  the very  in tense  
p o s t -n a ta l  care  o f  a s s is te d  suck l ing  w i th  two less  demanding p r a c t ic e s  
a l lo w in g  the c a l f  to  remain w i th  the cow f o r  48 hours,  and separa t ing  
the  c a l f  from the cow s h o r t l y  a f t e r  p a r t u r i t i o n  and o f f e r i n g  i t  
colostrum a t  the  " n e x t - m i l k i n g " ,  a method common in the  west o f  Scot land  
(Selman and o th e rs ,  1 971a) .
Management o f  calves
The 15 calves  in each o f  the  Groups 10,  11,  12 (Table 6) 
were d iv id e d  in to  th re e  t re a tm en t  groups each o f  f i v e  calves  on the  
basis  o f  p o s t -n a ta l  management as f o l l o w s : -
Subqroup C: f i v e  c a lv e s ,  born in loose-boxes.  A f t e r  each c a l f  had
been weighed and a blood sample c o l l e c t e d  a t  15 minutes post-partum i t
was a s s is t e d  to  suckle colostrum to  s a t i a t i o n  from i t s  own dam as 
descr ibed in Section 1. Each c a l f  was then reweighed and subsequent  
to  t h i s  s in g le  feed o f  co lost ru m,  i t  was immediately  removed to  the  
l a r g e ,  straw-bedded loose-box which had been se le c ted  as the r e a r in g  
accommodât i on.
Subgroup D: f i v e  c a lv e s ,  born in loose-boxes.  Each c a l f  was a l lowed
t o  remain w i th  i t s  dam f o r  48 hours.  No attempt was made to  encourage
th e  ca lves  to  suckle or t o  i n t e r f e r e  in any way except t o  weigh and to  
c o l l e c t  a blood sample from each c a l f  a t  15 minutes post-par tum.  At 
48 hours post-partum the  c a l f  was removed to  the r e a r in g  accommodation.
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Subgroup E : f i v e  c a lv e s ,  born in the  hold ing byre .  Each c a l f  was
weighed and a blood sample c o l l e c t e d  a t  approximate ly  15 minutes po s t ­
partum. I t  was then removed from the byre and held in s ep a ra te ,  c lean  
accommodation u n t i l  approximate ly  e ig h t  hours post-par tum.  At t h i s  
t ime i t  was encouraged to  suckle  1700 ml (3 p ints )  of  i t s  own dam's 
colostrum from a R o s e - M i l l e r  t e a t  fu n n e l .  Having been fed colostrum  
each c a l f  was then placed in the re a r in g  accommodation along w i th  the  
other  c a lv es .  O ccas iona l ly  the  length  o f  t ime a c a l f  remained in the  
byre exceeded 15 minutes but was never more than one hour.
The th re e  groups o f  calves  (Groups 10,  11,  12) were born over  
an e ig h t  month pe r io d ,  from December 1972 to  July 1973; the 15 calves  
of  Group 10 were born over a 21 day period from 1 7 /1 2 /7 2  to  7 /1 / 7 3 ;  
the 15 calves  o f  Group 11 were born over a 15 day per iod from 2 8 /4 /7 3  
to  1 2 / 5 / 7 3 ;  the 15 calves  o f  Group 12 were born over a 31 day period
from 26/ 6 /73  to  26/ 7/ 73 . The r e s u l t s  fo r  the f i v e  calves subjected
to  the same t rea tment  in each of  the th re e  Groups 10,  11 and 12 were 
c o l l a t e d  to  form th ree  composite groups, each o f  15 ca lv es .
Thus group C comprised 15 c a lves ,  111,  112, 113» 118, 120 
(Group 1 0 ) ,  125,  129,  133,  134, 135 (Group 1 1 ) ,  and 141,  142,  144, 147,
148 (Group 12) t r e a t e d  as descr ibed f o r  subgroup C.
Group D comprised 15 ca lv es ,  107,  109,  110,  117, 121 (Group 
1 0 ) ,  122,  123 , 124, 130 , 132 (Group 1 1 ) ,  and 137,  138, 139,  143, 146
(Group 12) t r e a t e d  as descr ibed fo r  subgroup D.
Group E comprised 15 c a lv e s ,  108,  114,  115, 116,  119 (Group 
1 0 ) ,  126 , 127 , 128, 1 31 , 136 (Group 1 1 ) ,  and 140, 145,  149,  150, 151
(Group 12) t r e a t e d  as descr ibed fo r  subgroup E.
Results
The mean values f o r  the 48-hour  serum concentra t ions  o f  
absorbed immunoglobulins,  the c o lo s t r a l  whey immunoglobulin 
concentra t ions  and the b i r t h  weights fo r  the th re e  subgroups are  
presented in Table 8.  The f u l l  in d iv id u a l  r e s u l t s  a re  presented In 
Appendix 2.
The 48-hour serum concentra t ions  o f  absorbed immunoglobulins 
f o r  the  15 calves o f  group C, var ie d  from 11 ZST u n i ts  ( c a l f  144) to
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TABLE 8
The absorpt ion  o f  c o lo s t r a l  whey Immunoglobulins by newborn c a l v e s .
Group C 
Group D 
Group E
15 ca lves  a s s is t e d  to  suckle colostrum to  s a t i a t i o n  
immediately a f t e r  b i r t h
15 ca lves  a l lowed to  remain w i th  t h e i r  dams f o r  48 
hours -  No in t e r f e r e n c e
15 ca lves  fed 1700ml o f  t h e i r  own dam's colostrum  
a t  e ig h t  hours post-partum
Group C Group D Group E
Number o f  calves 15 15 15
48-hour  serum co n c e n t ra t io n  o f  
absorbed immunoglobulins -  
ZST u n i ts
^ 2 8 .1 3  
-  9 .8 6
^ 2 2 .20  
-  11 .65
^ 1 5 .0 0  
t  8 .1 8
C o lo s t ra l  whey immunoglobulin 
c o n ce n t ra t io n  -  g/lOOmT'
. 8 .4 9
t  2.21
. 8 .2 0  
-  2 .2 9
+ 7 .3 0  
-  3 .50
Bi r t h  weight -  kg + 3 1 .4 5  
-  3 .8 9
3 5 .7 4  
t  4 .4 5
3 1 .4 3  
t  4 .1 8
Weight o f  colostrum ingested -
kg*
Volume o f  colostrum ingested -  
ml .
+ 2 .2 5  
-  0 .6 3
ND
1700
Time from b i r t h  to  complet ion  
o f  suck l ing  -  minutes*
63 .13  
-  8 .3 3
ND 4 9 4 .8  
-  131 .2
*  +
Mean -  SD
ND -  Not determined
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44 ZST u n i ts  ( c a l f  135) w i th  a mean o f  28 .13 -  9 .8 6  u n i t s .  in group 
0,  the  minimum value  was 1 ZST u n i t  ( c a l f  123) and the maximum value  
was 49 ZST u n i ts  ( c a l f  107) w i th  a mean of  22 .20  -  1 1 .65 ZST u n i t s .
In group E, the  minimum va lue  was 2 ZST u n i ts  (calves 115 and 151) and 
maximum value  was 27 ZST u n i ts  ( c a l f  114) w i th  a mean o f  15 .00 -  8 .1 8  
ZST u n i t s .  There was no s i g n i f i c a n t  d i f f e r e n c e  in the  c once ntra t ions  
o f  absorbed immunoglobulins between groups C and D or  between groups 
D and E, but a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  ( p < 0 ,001)  e x is te d  between 
the  mean 48-hour  serum c o n cen tra t io n s  o f  absorbed immunoglobulins o f  
groups C and E. W i th in  each o f  Groups 10,  11 and 12 the mean ZST 
va lue  fo r  the f i v e  ca lves  o f  subgroup C exceeded the  mean ZST va lue  o f  
subgroup D, which,  in t u r n ,  was g r e a t e r  than mean ZST va lue  o f  subgroup 
E (Table 9 ) ,  but no s i g n i f i c a n t  d i f f e r e n c e  was demonstrated between 
the  mean v a l u e s .
The mean t ime from b i r t h  to  complet ion o f  suck l ing  by the
+
calves  o f  Group C was 63 .13  -  8 .3 3  minutes.  For the 15 ca lves  of  
group E the  length  o f  t ime between b i r t h  and being fed colostrum v a r ie d  
from 4 hours 5 minutes ( c a l f  114) to  13 hours 45 minutes ( c a l f  136) 
w i th  a mean o f  4 9 4 .8  -  131 .2  minutes ( i . e .  j u s t  over 8 h o urs ) .  No 
cont inua l  o bserva t ion  o f  the ca lves  o f  group D was main ta ined and the  
t ime to  f i r s t  suck l ing  was not known.
Although the  mean c o n ce n tra t io n  o f  c o lo s t ra l  whey 
immunoglobulins fed to  the  15 calves  o f  group E (7 .30  -  3 .50  g/100ml)  
was lower than t h a t  o f  e i t h e r  group C (8 ,49  ^ 2.21 g/100ml)  or group 
D (8 .20  -  2 .2 9  g/100ml)  no s i g n i f i c a n t  d i f f e r e n c e  e x is te d  between the  
th r e e  groups. There was a ls o  no s i g n i f i c a n t  d i f f e r e n c e  in the b i r t h  
weights  between the  th re e  groups.
The r e s u l t s  o f  t h i s  s ec t io n  tend to  conf i rm  the f in d in g s  of  
Section 1 th a t  the e a r l y  fee d in g  o f  colostrum to  s a t i a t i o n  almost  
always r e s u l t s  in high serum c oncentra t ions  o f  absorbed immunoglobulin;  
in group C 12 o f  the 15 ca lves  had 48-hour  serum c once ntra t ions  o f  
absorbed immunoglobulins o f  20 ZST u n i ts  or above; in group D 11 o f  
the  15 calves  had values o f  20 ZST u n i ts  or above; but in group E on ly  
fo u r  o f  the  15 ca lves  had values o f  20 ZST u n i ts  or above (Appendix 2 ) .
When the  cows were assessed f o r  shape f o r  suck l ing  by newborn 
c a lv e s ,  the  number of  cows which were considered to  have a good shape
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TABLE 9
48-hour  serum c oncentra t ions  o f  absorbed immunoglobulins o f  the th re e
subgroups w i t h i n  Groups 10. 11.  12 .
(ZST u n i ts )
C a i f  No. Subgroup C C a l f  No. Subgroup D C a l f  No. Subgroup E
Group 10
Group 11
Group 12 •
111 30 107 49 108 10
112 20 109 29 114 27
113 42 110 14 115 2
118 40 117 27 116 17
120 17 121 24 119 15
Mean 29.80 28.60 14.20
S.D. -  11 .32 -  12 .78 -  9 .2 0
125 32 122 35 126 23
129 28 123 1 127 22
133 23 124 24 128 17
134 26 130 22 131 18
135 44 132 23 136 19
Mean 30.60 21 .00 19.80
S.D. -  8 .1 7 -  12 .35 -  2 .5 9
141 16 137 24 140 12
142 38 138 13 145 26
144 11 139 6 149 12
147 28 143 15 150 3
148 27 146 27 151 2
Mean 24.00 17.00 11.00
S.D. -  10 .65 -  8.51 -  9 .6 4
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f o r  s t ick l ing  was 8 ,  12 and 10 in groups C, D and E r e s p e c t i v e l y .  in 
d a i r y - t y p e  animals f i r s t  c a lv in g  h e i f e r s  normally have a much b e t t e r  
shape f o r  suck l ing  than m ul t i  parous cows (Selman, I 969) ,  and in groups 
C, D and E the number o f  f i r s t  c a lv in g  h e i f e r s  was 8,  11 and 9 
r e s p e c t i v e l y .
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SECTION 3
THE ABSORPTION OF COLOSTRAL WHEY IMMUNOGLOBULINS BY NEWBORN CALVES
The e f f e c t  o f  v a r i a t i o n  in the co n ce n tra t io n  o f  immunoglobulins  
in the  colostrum fed to  newborn c a lv e s .
The r e l a t i o n s h i p  between the c o n ce ntra t ion  o f  immunoglobulins 
in c o lo s t r a l  whey and the  subsequent serum co n cen tra t io n  o f  absorbed 
c o lo s t r a l  whey immunoglobulins was examined using the data f o r  100 
calves  a s s is t e d  to  suckle  colostrum as soon as poss ib le  a f t e r  b i r t h .
The 100 calves  comprised the 51 ca lves  o f  Groups 1,  2,  5,  6 ,  7, seven 
calves  o f  Group 8 (82,  8 3 , 84,  8 5 , 8 9 , 91,  9 5 ) ,  f i v e  calves  o f  Group 9 
(9 6 , 97,  98,  103 , 10 6 ) ,  f i v e  ca lves  o f  Group 10 (111,  112, 113,  118,  
1 2 0 ) ,  f i v e  calves  o f  Group 11 (125,  129,  1 33,  1 34,  1 35) and f i v e  calves  
o f  Group 12 ( l 4 l ,  142,  144, 147,  148) ( T a b l e 6 ) .  The remaining 22 
calves  (77 -81 ,  104,  152-166 and 204) were reared i n d i v i d u a l l y .  A f t e r  
each c a l f  had been weighed and a blood sample c o l l e c t e d  a t  approx im ate ly  
15 minutes post-par tum,  i t  was a s s is t e d  to  suckle colostrum to  s a t i a t i o n  
from i t s  own dam as descr ibed in Section 1, Having been fed colostrum  
once only each c a l f  was immediately separated from i t s  dam and moved to  
re a r in g  accommodation. A blood sample was c o l le c t e d  a t  48 hours o f  age 
and the serum immunoglobulin c o n c e n tra t io n  measured as p re v io u s ly  
descr ibed ,
Results
A h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  ( r  = 0 . 7 5 ,  p =<  0 .00 1 )  
was found to e x i s t  between th e  48-hour  serum c o n cen tra t io n s  o f  absorbed  
immunoglobulins o f  th e  ca lves  and the  c o nce ntra t ion  o f  immunoglobulins  
in the  whey o f  the  colostrum ingested by the calves  (F igure  2 ) .  This  
h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  occurred d e s p i te  the v a r i a t i o n s  
in the weight o f  colostrum ingested (0 .8  -  4,1 kg) and the b i r t h  weights  
( 18.1 -  46,1 kg) o f  the c a lv e s .  There was a ls o  wide in d iv id u a l  
v a r i a t i o n  in the c o n ce n t ra t io n  o f  immunoglobulins in the  whey prepared  
from the  colostrum consumed by the  calves  from 1 .58  g/100ml ( c a l f  156) 
to  14 .22  g/100ml ( c a l f  1 5 ) .  Those samples o f  colostrum which had very  
low concentra t ions  o f  immunoglobulins bore a g r e a t e r  resemblance to  
m i l k  than th e  creamy, y e l lo w  g e la t in o u s  f l u i d  o f  normal colostrum.
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N=100
y=6"57 + 2'70x 
r= 0  75 (p< 0-001)
50-
E  30- o
D)
E 20-
10-
Colostra! Whey Immunoglobulin Conc.(g/100ml)
FIGURE 2 The r e l a t i o n s h i p  between the c o n ce n t ra t io n  
o f  c o lo s t r a l  whey immunoglobulins and the  
c o n c e n t ra t io n  of  absorbed immunoglobulins  
o f  ca lves  a s s is t e d  to  suckle colostrum to 
s a t i a t i o n .
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The mean 48-hour  serum c o n c e n tra t io n  o f  absorbed
immunoglobulins o f  the 100 calves  was 2 7 .17  -  8 .9 7  ZST u n i ts  and the
mean c o n ce n tra t io n  o f  immunoglobulins in the whey o f  the colostrum
Ingested by the  ca lves  was 7 .62  -  2 .4 9  g/ lOOml.  The mean b i r t h  weight  
+
was 3 2 .6  -  9 ,23  kg and the mean weight o f  colostrum ingested was
2 .2 9  -  0 , 6 4  kg (Table  1 1 ) .  Expressed as a percentage o f  the b i r t h  
weight the weight of  co lostrum ingested was 7 ,06  -  1 .7 9  per cent o f  
the b i r t h  w e ig h t .  The mean t ime from b i r t h  to complet ion o f  s uck l ing  
by the  100 ca lves  was 6 5 ,7 4  ^  2 2 .9 4  minutes.  Fu l l  in d iv id u a l  r e s u l t s  
are  presented in Appendix 2.
A t o t a l  o f  164 cows were calved  under superv is ion  to produce 
168 c a lv e s ;  th e re  were four  sets o f  tw ins ,  calves  2 8 /2 9 ,  6 3 /6 4 ,  9 6 /9 7  
and 119 /120 .  Cows o f  the  A y rs h i re  breed formed the  l a r g e s t  group o f  
dams; th e re  were 121 A y rsh i re  dams, 23 F r i e s ia n  dams, 17 A y rs h i re x  
F r i e s i a n  dams, two Jersey dams and one Aberdeen Angus cross cow. 
E ig h t y - t h r e e  o f  the  164 dams were judged t o  be f i r s t  c a lv in g  h e i f e r s .
The c o n c e n t ra t io n  o f  immunoglobulins in the c o lo s t r a l  wheys
v a r ie d  enormously from 1 .02  g/100ml to  14.22  g /100m l ,  but the mean
co n ce n tra t io n  o f  immunoglobulins o f  163 c o lo s t r a l  wheys was 7 .50  -  2 .4 9
g/ lOOml.  The mean c o n ce n t ra t io n  o f  immunoglobulins in the  c o l o s t r a l
whey of  the 120 A y rs h i re  dams was 7 .3 9  -  2 .4 9  g/ lOOml.  The 23 F r i e s i a n
dams had a mean c o n c e n t ra t io n  o f  c o lo s t r a l  whey immunoglobulins of
8 .3 4  -  2 ,3 8  g/ lOOml.  The 17 A y rs h ire xFr . ie s ia n  dams had the lowest
+
mean c o n c e n t ra t io n  of  c o l o s t r a l  whey immunoglobulins a t  6 .8 0  -  2 .2 5  
g/lOOml.  The corresponding va lue  f o r  the  two Jersey cows was 8 ,23  
g/100ml (Table 1 0 ) .  The animal which had the lowest c o n ce n t ra t io n  
o f  immunoglobulins in her c o l o s t r a l  whey (1 .02  g/100ml)  was a f i r s t  
c a lv in g  A y rs h ire  h e i f e r  and mother o f  c a l f  105; c a l f  105 (Group 9) 
was fed 1500 ml o f  colostrum a t  e ig h t  hours post-partum and i t s  
subsequent serum c o n ce n t ra t io n  o f  absorbed immunoglobulins a t  48 hours 
o f  age was 6 ZST u n i t s .  The cow w i th  the  h ighest  co n ce n t ra t io n  o f  
Immunoglobulins in her c o lo s t r a l  whey (14 .22  g/100ml)  was an aged 
A y rs h i re  cow and the mother o f  c a l f  15; c a l f  15 (Group 2) was fed to  
s a t i a t i o n  immediately a f t e r  b i r t h ;  i t  consumed 2 , 4  kg o f  co lostrum  
and I t s  serum co n ce n t ra t io n  o f  absorbed immunoglobulins a t  48  hours 
o f  age was 36 ZST u n i t s .  The b i r t h  weights of  ca lves  15 and 105 were
38.1 kg and 2 9 .5  kg r e s p e c t i v e l y .
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TABLE 10
164 cows calved under supervi  sIon
Number C o lo s t ra l  whey Immunoglobulin
Breed o f  dams concentrâ t  i on (g/100ml '')
A y rsh i re 121 7 .3 9
+
2.49+
F r i e s i a n 23 8 .3 4
+
2 .3 8
A y rs h i re  x F r i e s ia n 17 6 .8 0
+
2 .25
Jersey 2 8 .23
Aberdeen Angus cross 1 11.43
TOTAL 164 7 .50 2 .4 9
In f lu en ce  of  p a r i t y
Cows 80"^ 7 .4 6
+
2.68+
H e i fe r s 83 7 .5 4
+
2.31
A y rs h i re  cows 69 7 .1 9
+
2 .6 7
A y rs h i re  h e i f e r s 51 7 .6 6
+
2 .1 9
*  Mean -  SD 
+ No va lue  f o r  cow 88
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The mean c o n c e n tra t io n  o f  immunoglobulins in the  c o lo s t r a l  
whey o f  80 m u l t i  parous cows v;as 7 .46  -  2 .6 8  g/100ml and the corresponding  
value f o r  the  83 f i r s t  c a lv in g  h e i f e r s  was 7 .5 4  -  2.31 g/ lOOml.  On a 
breed ba s is ,  i t  was considered th a t  on ly  the  A y rs h i re  breed comprised 
enough animals to  make a v a l i d  comparison, th e re  being 70 cows and 51 
f i r s t  c a lv in g  h e i f e r s ;  the mean concentra t ion  o f  immunoglobulins in the  
whey o f  the colostrum produced by 69 A y r s h i r e  cows was 7 .1 9  + 2 .6 7  g/lOOml 
and the corresponding va lue  f o r  the  51 A y rs h i re  h e i f e r s  was 7 . 6 6 +  2 .1 9  
g /1 0 0 m l .
S ix  dams, the  mothers o f  calves  62 ,  6 7 , 73,  82 ,  115 and 156 
"dr ipped"  colostrum f o r  several  days immediately p r i o r  to  p a r t u r i t i o n .
The period of  colostrum loss v a r ie d  but was as long as s ix  days in the  
case o f  dam 82,  Once the loss had s t a r t e d  i t  was u s u a l ly  continuous  
w ith  the fo rmation  o f  pools o f  c o lo s t ru m /m i lk  in the s t a l l s  o f  those  
a f f e c t e d  cows. The concentra t ions  o f  immunoglobulins in the whey 
prepared from these c o lo s t ra  were 4.41 g/100ml (6 2 ) ;  1 ,8 7  g/100ml (67 ) ;
1 .8 7  g/100ml (7 3 ) ;  4 .3 2  g/100ml ( 8 2 ) ;  1 .93  g/100ml (115) and 1 .58
g/100ml (156) .  The mean co n c e n tra t io n  was 2 .6 6  + 1 .32 g /100ml .  The 
s i x  animals consisted o f  f i v e  A y r s h i r e  cows (62,  6 7 , 8 2 , 115, 156) and 
one f i r s t  c a lv in g  A y r s h i r e x F r ie s i a n  h e i f e r  ( 7 3 ) .  However, several  
o th e r  animals produced colostrum w i th  concentra t ions  o f  immunoglobulins 
in the  c o lo s t r a l  whey o f  less than 4 g/100ml w i thout  " d r ip p in g "  colostrum  
inc lud ing  cow 105 which produced colosthum w i th  the  lowest co n cen tra t io n  
o f  immunoglobulins in the  whey (26 -  3 .67  g/100ml ; 59 -  3 .67  g /100ml;
79 -  2 .4 8  g /100ml;  IO5 -  1 ,02  g /100ml;  108 -  3 .58  g/100ml;  150 -
2 ,3 0  g / 1 0 0 m l ) .
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SECTION 4
THE ABSORPTION OF COLOSTRAL WHEY IMMUNOGLOBULINS BY THE NEWBORN CALF:
The e f f e c t  o f  breed.
The In f lu e n c e  of  breed on the absorp t ion  o f  c o lo s t r a l  
immunoglobulins by newborn ca lves  demonstrated by Selman ( I 969) and 
Kruse (1970b) was examined under more p r a c t ic a l  farming cond i t ions  
using the data f o r  the 100 ca lves  a s s is t e d  to  suckle  to  s a t i a t i o n  
immediate ly a f t e r  b i r t h  descr ibed in Section 3.
Results
Pure bred A y rs h i re  ca lves  formed the l a r g e s t  group, account ing  
fo r  43 per cent o f  the  t o t a l *  The Ayrsh Î r e x F r i e s ian ca lves  formed 24 
per c en t ,  the  F r i e s i a n  ca lves  9 per c e n t ,  and the A y r s h i r e x F r ie s ia n x  
F r i e s i a n  caTves formed 7 per cent o f  the t o t a l .  Together these four  
breed groups accounted f o r  83 per cent o f  the 100 ca lves  and r e f l e c t  
the  dominant type and breeds of  c a t t l e  in the west o f  Scot land,  The 
mean values o f  the  b i r t h  w e ig h ts ,  weight o f  colostrum ingested ,  
co n ce n t ra t io n  o f  c o lo s t r a l  whey immunoglobulins,  and the 48-hour  serum 
co n ce n t ra t io n  of  absorbed immunoglobulins o f  each breed group are  
presented in Table  11.  The f u l l  in d iv id u a l  r e s u l t s  a re  presented in 
Appendix 2,
No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were found f o r  any
o f  the parameters examined between breed groups. The group o f  seven
A y r s h i r e x F r i e s ia n x F r ie s ia n  ca lves  had the lowest mean serum
+
co n c e n t ra t io n  absorbed immunoglobulins o f  2 3 .57  -  11 .43  ZST u n i t s .
This group a ls o  ingested colostrum w i th  the lowest mean c o n ce n tra t io n
+
o f  immunoglobulins in the c o lo s t r a l  whey o f  6 ,8 7  -  2.81 g/100ml and 
indeed one o f  the  c o lo s t r a l  wheys had an immunoglobulin co n cen tra t io n  
o f  on ly  1 .87  g /100m l .  The subsequent 48-hour serum c o n c e n t ra t io n  o f  
absorbed immunoglobulins o f  the c a l f  (73) suck l ing  t h i s  colostrum was 
5 ZST u n i t s .
A l l  the Hereford  cross ca lves  were born to e i t h e r  A y rs h i re  
or F r ie s ia n  dams, th e r e  being seven A y rs h i re  dams and three  F r i e s i a n  
dams. The f i v e  ca lves  making up the  mixed breeds consis ted  of  one 
A yrsh irexShor thorn  ( 2 5 ) ,  one A y r s h i r e x F r ie s ia n x C h a r o la is  ( 7 1 ) ,  one 
A y rsh i re x C h a ro la is  (8 0 ) ,  one AyrshirexAberdeen Angus (129) and one
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TABLE n
100 calves  a s s is t e d  to  suckle  colostrum to  s a t i a t i o n  immediately
a f t e r  b i r t h :
Breeds
Breed
Number 
of  
Calves
Bi r t h
Weight
(kg3)
Mass o f  
col ostrum 
i nges_ted 
(kg ')
1 g cone, o f  
c o lo s t r a l  whey 
ingested *
(g/1 00ml )
48-hour  SAig 
serum absorbed 
Ig conc.
(ZST u n i t s  )
Ayrsh i re 43 3 1 .27  
-  4 .9 2
2 .2 4
“0 .65
7 .73
+
-  2 .23
26.91
t  8 .4 8
Ayrshi  rex  
F r i e s i a n
24 34.32  
-  5.21
2 .5 4  
-  0 .6 6
7 .37  
-  2 .7 0
26 .75
t l O . 4 1
F r ie s  ian 9 35.63  
-  5 .8 7
2 .3 7  
-  0 .6 9
8 . 2 4  
-  2 .8 3
31 .89
-  6 .1 7
Ayrsh i r e x  
F r i e s i a n x  
F r i e s i a n
7 32 .37  
t  4 .2 5
2 .00  
-  0 .3 8
6 .8 7  
-  2.81
23 .5 7  
- 1 1 .43
Ayrsh i r e  or 10 
F r ie s  ianx  
Hereford
33.43  
-  3 .45
2 .2 3  
-  0 .6 5
7 .8 8  
-  2 .90
2 8 .5 0  
-  9 .8 3
Mixed
breeds
5 33 .3 6  
t  4 . 6 8
2 .1 2  
-  0 .2 9
6 .9 6  
- 1 .90
2 5 .00  
t  4 .0 0
Jersey 2 21 .50 2 .2 0 8 .50 28.00
TOTAL 100 Mean
S.D.
32 .60  
-  5 .2 3
2 .2 9  
-  0 .6 4
7 .62
-  2 .4 9
2 7 .1 7
-  8 .9 7
*
Mean + S.D.
8 0
Fr îes ianxAberdeen Angus c a l f  ( l 6 6 ) .
The seven F r i e s i a n  ca lves  had the h ighest mean b i r t h  weight
+
a t  3 5 .63  -  5 .8 7  kg and p r e d ic t a b ly  the two Jersey calves  had the  1owest 
mean weight  of  2 1 .5 0  kg.
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SECTION 5
THE ABSORPTION OF COLOSTRAL WHEY IMMUNOGLOBULINS BY THE NEWBORN CALF
A comparison o f  the serum concentra t ions  o f  absorbed  
immunoglobulins o f  i n t e n s iv e ly  managed calves  w i th  
those o f  "m arket"  ca lves  less  than one week o ld .
The concentra t ions  o f  serum immunoglobulins o f  115 c a lv es ,
purchased from loca l  markets in th e  west o f  Scot land and admit ted  to
th e  V e t e r in a r y  School a t  less  than one week o f  age,were  compared to  
the  serum c oncentra t ions  o f  absorbed immunoglobulins o f  the  100 ca lves  
a s s is t e d  to  suckle  colostrum as e a r l y  as poss ib le  a f t e r  b i r t h  and
a l r e a d y  described in Sections  3 and 4 .  As on ly  one blood sample was
c o l l e c t e d  from the "market" c a lv e s ,  the co n ce n tra t io n  o f  immunoglobulins  
In the serum of  t h i s  sample was assumed to  be the c o n c e n tra t io n  o f  
absorbed immunoglobulins.
Results
The serum co n ce n tra t io n s  o f  immunoglobulins o f  the 115 "market*
ca lves  v a r ie d  from 0 -50  ZST u n i ts  and the mean serum c o n c e n tra t io n  o f
+
immunoglobulins was 15.02  -  11.91 ZST u n i t s .  The corresponding va lue
f o r  the  100 calves  a s s is t e d  to  suckle colostrum under the c o n t r o l l e d
+cond i t io n s  o f  the present  experiments was 27 .17  -  8 .9 7  ZST u n i t s .
The d i f f e r e n c e  between these two values is h ig h ly  s i g n i f i c a n t  (p<0.001).
The in d iv id u a l  values f o r  the "market"  calves  are  given in Appendix 2.
The d i s t r i b u t i o n  histograms o f  the serum concen tra t io n s  of  
immunoglobulins o f  both groups of calves  a re  presented in Figures 3 
and 4 .  There Is an obvious d i f f e r e n c e  between the  two histograms;  
only  4 per cent  o f  the i n t e n s iv e ly  managed ca lves  had serum immunoglobulin 
concentra t ions  o f  less  than 10 ZST u n i ts  whereas 44 per cent o f  the  
"market"  ca lves  had values of  less  than 10 ZST u n i t s .  The four  
i n t e n s iv e ly  managed ca lves  (67 ,  73,  79,  156) which had 48-hour absorbed  
serum immunoglobulin co n ce n tra t io n s  o f  less  than 10 ZST u n i t s ,  (67,
4  ZST u n i t s ;  73,  5 ZST u n i t s ;  79,. 8 ZST u n i t s ;  156,  7 ZST u n i t s ) ,  
a l l  suckled colostrum which had very low whey immunoglobulin 
co n c e n t ra t io n s ,  1 .5 8  g/100ml (1 5 6 ) ,  1 .87  g/100ml (67 ,  73) and
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FIGURE 3 The d i s t r i b u t i o n  o f  the serum c oncentra t ions  
of  absorbed immunoglobulins o f  100 calves  
a s s is t e d  to  suckle colostrum to  s a t i a t i o n .
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2 . 4 8  g/100ml ( 7 9 ) .  Three (67 ,  73,  156) o f  the four  cows had "dr ipped"  
colostrum p r i o r  to  p a r t u r i t i o n .  The weight o f  colostrum ingested by 
the fo u r  calves  was 1 .3  kg ( 7 9 ) ,  2.1 kg (7 3 ) ,  2 . 4  kg (67) and 2 .5  kg 
(156) .
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FIGURE 4 The d i s t r i b u t i o n  o f  the  serum c o n c e n tra t io n  
o f  immunoglobulins o f  115 "market"  c a lv e s .
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DISCUSSION
The z in c  su lphate  t u r b i d i t y  t e s t  has f r e q u e n t ly  been used to  
es t im ate  the  c oncentra t ions  o f  immunoglobulins in the sera o f  newborn 
calves  (Gay and o th e r s ,  1965a,  1965b; McEwan and o th e r s ,  1970a;
Selman and o th e r s ,  1971a,b;  Boyd, 1972; Boyd and o th e r s ,  1974; Logan 
and Gibson, 1975) and has proved to  be a ra p id ,  and q u a n t i t a t i v e l y  
acc ura te  method f o r  the de te rm in a t io n  of  absorbed c o lo s t r a l  
immunoglobulins.  I t  is a t e c h n i c a l l y  simple t e s t ,  r e q u i r in g  a minimum 
o f  la b o r a to ry  equipment which g ives  c o n s is te n t ,  re pea ta b le  r e s u l t s .
A h ig h ly  p o s i t i v e  c o r r e l a t i o n  has a ls o  been shown to  e x i s t  between the  
z in c  sulphate  t u r b i d i t y  r e a c t io n  and the t o t a l  c o n centra t ion  of  
in d iv id u a l  immunoglobulins- determined by the much more s o p h is t ic a te d  
ra d ia l  immunodiffusion technique  (McEwan and o th e rs ,  1970b; McBeath 
and o th e r s ,  1971 ) .
In Section 1 i t  was shown t h a t  no s i g n i f i c a n t  d i f f e r e n c e  
e x is te d  between the  ZST values o f  the calves  a s s is te d  to  suckle  
colostrum to  s a t i a t i o n  once only immediately a f t e r  b i r t h  (group A) and 
o f  the  calves  a l lowed to remain w i th  t h e i r  dams f o r  12 hours (group B ) , 
This is s l i g h t l y  s u r p r is in g  in view o f  the f in d in g s  o f  Selman, McEwan 
and F isher  ( l 9  71b) who noted t h a t  when newborn ca lves  were fed pooled 
colostrum under s tandard ised c o n d i t io n s ,  calves which were "mothered"
i . e .  a l lowed to remain w i th  t h e i r  dams f o r  18 hours,  had s i g n i f i c a n t l y  
higher  concentra t ions  o f  absorbed immunoglobulins than calves  which 
were maintained in i s o l a t i o n .  Although i t  was not known how many 
calves  o f  group B suckled o f  t h e i r  own v o l i t i o n  dur ing the 12 hour 
per iod  t h a t  they were a l lowed to  remain w i th  t h e i r  dams, the f a c t  t h a t  
only  11 o f  the 25 ca lves  could be encouraged to suckle  a t  12 hours 
post-partum was taken as an i n d i c a t i o n  th a t  the remaining 14 had 
suckled a t  some t ime dur ing t h i s  p e r io d .  C e r t a i n ly  i t  has been claimed  
t h a t  repeated feeding of colostrum during the f i r s t  12 hours increases  
the e f f i c i e n c y  of  absorp t ion  (Kaeckenbeeck, C o l in e t  and Schoenaers,
1961; Kaeckenbeeck and Schoenaers,  1964) al though Selman (1969) was 
unable to  demonstrate any s i g n i f i c a n t  d i f f e r e n c e  in a b s o rp t iv e  
e f f i c i e n c y  o f  calves  fed a standard volume o f  colostrum as one feed a t  
one or f i v e  hours post-partum w i th  the  same volume fed in three  
d iv id ed  meals a t  1, 5 and 9 hours post-partum.  Nonetheless th e  ZST
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values a t t a i n e d  by the ca lves  given colostrum in th ree  meals were more 
c o n s is te n t  w i th  cons ide ra b ly  less  v a r i a t i o n .
Fu r the r  examinat ion o f  those calves  w i th  ZST values o f  30 u n i ts  
or  more (group A, ca lves  1, 2 ,  4 ,  8 ,  10,  15,  18,  19; group B, ca lves  
26,  30,  31,  33,  34,  36,  40 ,  42 ,  4 8 ,  49 ,  50) re vea ls  t h a t  the  mean 
co n ce n t ra t io n  o f  immunoglobulins in the  c o lo s t r a l  whey ingested by the  
e ig h t  ca lves  o f  group A was 9.21 -  2 .6 3  g/100ml and t h a t  f o r  the  11 
group B calves  was 7*71 -  2 .1 9  g /100m l .  Only tv/o o f  these 11 group B 
calves  (26,  31) could be encouraged to  suckle a t  12 hours post-par tum;  
c a l f  26 ingested 5 .9  kg o f  colostrum under s u p erv is io n ,  w i th  a c o lo s t r a l  
whey immunoglobulin c o n ce n tra t io n  a t  the f i r s t  s uck l ing  per iod o f  3 .6 7  
g/100ml and had a 48-hour  absorbed ZST value  o f  34 u n i t s ;  c a l f  31 
ingested 3 .4  kg o f  co lostrum w i th  a whey immunoglobulin co n ce n tra t io n  
o f  10 .84  g/100ml under su p erv is io n  and had a 48-hour  absorbed ZST value  
o f  38 u n i t s .  Thus th e re  is some in d ic a t io n  th a t  the  combined e f f e c t s  
of  "mother ing"  and the  pos s ib le  ingest ion  o f  more colostrum may r e s u l t  
in h igher  absorbed ZST values  but under p r a c t ic a l  farming cond i t io n s  
the a d d i t i v e  e f f e c t  o f  these is l i k e l y  to be minimal compared w i th  
r e s u l t s  obta ined from a s in g le  l a r g e  feed o f  colostrum.
There is l i t t l e  doubt t h a t  maternal d e p r iv a t io n  has some 
d e l e t e r i o u s  e f f e c t  on the  absorp t ion  o f  c o l o s t r a l  immunoglobulins in 
c e r t a i n  spec ies .  I t  has been shown t h a t  the s ep a ra t io n  o f  ten day 
old  ra ts  from t h e i r  mothers leads to  the e a r l y  cess a t ion  o f  macro-  
m olecular  absorpt ion  ( H a l l i d a y ,  1959) and a s i m i l a r  e f f e c t  has a ls o  
been demonstrated in newborn puppies ( F i l k i n s  and G i l l e t t e ,  1966) .
I t  has been suggested t h a t  maternal  d e p r iv a t io n  may r e s u l t  in 
increased l e v e ls  o f  c i r c u l a t i n g  c o r t i c o s t e r o i d  as i t  has been noted 
th a t  trea tm ent  w i th  exogenous c o r t i c o s t e r o i d  causes precocious  
t e r m in a t io n  o f  immunoglobulin absorp t ion  in species such as the r a t  
( H a l l i d a y ,  1959; C l a r k ,  1969; M orr is  and M o r r i s ,  1974a,1976a)  
mouse (Moog, 1953) , and p i g l e t  (Payne and Marsh,  1962) . Although the  
blood l e v e l s  o f  these p a r e n t e r a l l y  adm in is te red  c o r to c o s te ro ld s  were 
much higher  than normal p h y s io lo g ic a l  c o n c e n t ra t io n s ,  i t  is l i k e l y  
t h a t  endogenous c o r t i c o s t e r o i d  a ls o  e x e r ts  some media t ing  e f f e c t  on 
" c lo s u r e " .  I t  has a ls o  been demonstrated t h a t  b i l a t e r a l  adrenalectomy  
o f  15-18  day o ld  r a ts  delays the  cessat ion  o f  macromolecular absorp t ion  
by approximate ly  fo u r  days,  b u t ,  never the less  even in the absence of
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adrenal  glands "c lo s u re "  proceeds normally  a f t e r  t h i s  de lay  ( D a n ie ls ,  
Hardy and Malinowska,  19 7 3 ) .  G i l l e t t e  and F i l k i n s  (1966) were unable  
t o  demonstrate any e f f e c t  on the  a bsorp t ion  o f  a n t ib o d ie s  fo l lo w in g  
p a ren tera l  t rea tm ent  o f  newborn puppies a t  b i r t h  w i th  c o r t i c o s t e r o i d ,  
but reduct ion  in absorp t ion  occurred when c o r t i c o s t e r o i d  was 
a dm in is te red  p a r e n t e r a l l y  to  b i tc h e s  in l a t e  pregnancy. S i m i l a r l y ,  
in cows, induct ion  o f  p a r t u r i t i o n  w i th  c o r t i c o s t e r o i d s  has been shown 
t o  reduce the a bsorp t ion  o f  c o lo s t r a l  whey immunoglobulins by the  
calves  produced by t h i s  technique (Husband, Brandon and L a s c e l l e s ,  
19 7 3 ) .  G i l l e t t e  and F i l k i n s  (1966) suggested t h a t  the  d i f f e r e n c e  in 
the  e f f e c t  o f  p a r e n t e r a l l y  adm in is te red  c o r t i c o s t e r o i d  in young r a ts  
and puppies was due to  the  r e l a t i v e l y  short  period o f  macromolecular  
abso rp t io n  o f  24 -36  hours in the  newborn puppy. The t ime requ ire d  
f o r  exogenous c o r t i c o s t e r o i d  to  induce te r m in a t io n  o f  absorp t ion  in 
the  young r a t  is 2-3  days ( H a l l i d a y ,  1959; C la r k ,  1969 ) .  in 
consequence,  given th e  even s h o r te r  per iod o f  macromolecular absorp t ion  
o f  18-27  hours in the c a l f  (Selman, 1969; Penhale and o t h e r s ,  1 97 3 ) ,  
i t  is probable th a t  the  e f f e c t  o f  maternal  d e p r iv a t io n  w i l l  be min im al .
The r e s u l t s  o f  Section 2 confi rm the  f in d in g s  o f  several  
workers t h a t  any de lay  in the  feeding  o f  colostrum i n e v i t a b l y  r e s u l t s  
in the  reduced absorp t ion  o f  c o l o s t r a l  immunoglobulins (Selman, 1969;  
Kruse,  1970b; Penhale and o t h e r s ,  1973 ) .  There was no s i g n i f i c a n t  
d i f f e r e n c e  between the  48-hour  absorbed ZST values o f  the 15 ca lves  o f  
group C fed to  s a t i a t i o n  Immediately a f t e r  b i r t h  (28 .13  + 9 .8 6  ZST 
u n i ts )  and o f  the  15 ca lves  o f  group D which were a l lowed to  remain 
w i th  t h e i r  dams f o r  the f i r s t  48 hours a f t e r  b i r t h  (22 .20  -  11 .65  ZST 
u n i t s ) . The values a t t a i n e d  by the ca lves  o f  group C were more 
c o n s is te n t  w i th  no c a l f  having a 48-hdur  ZST va lue  o f  less  than 10 ZST 
u n i t s ,  whereas two ca lves  of  group D had 48-hour  ZST values o f  less  
than 10 ZST u n i ts  ( c a l f  123 -  1 ZST u n i t ,  c a l f  139 -  6 ZST u n i ts )  , even 
a lthough the c o n cen tra t io n s  of  immunoglobulins in the c o lo s t r a l  whey 
were 4 .9 5  g/100ml ( c a l f  123) and 9 .4 2  g/100ml ( c a l f  1 3 9 ) .  That  11 o f  
the  15 dams o f  group D were pr imiparous h e i f e r s  may have e f f e c t e d  
e a r l y  suck l ing  by many o f  the ca lves  in t h i s  group and increased  
a b s orp t ion  (Selman, 1969; Kruse,  1970c) but the  mean value  f o r  the 15 
ca lves  of  group D is very  s i m i l a r  to t h a t  repor ted  by Selman and 
others  (1970a) f o r  20 ca lves  a ls o  a l lowed to  remain w i th  t h e i r  dams 
f o r  48 hours,  but where no account was taken o f  any pos s ib le  v a r i a t i o n
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in the  concen tra t io n s  o f  immunoglobulins in the c o l o s t r a l  whey.
Although a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  was found to  e x i s t  between 
the mean 48-hour  absorbed ZST v a l u e s - o f  the 15 ca lves  o f  group C and 
the  15 ca lves  of  group E which were fed 1700 ml o f  colostrum a t  
approx im ate ly  e ig h t  hours post -partum (15 .00  -  8 .1 8  ZST u n i t s ) ,  the  
values a t t a i n e d  by the  ca lves  o f  group E were h igher  than might have 
been a n t i c i p a t e d  from f i e l d  s t u d ie s .  Selman and o thers  (1971a) 
recorded a mean ZST va lue  f o r  d a i r y  h e i f e r  ca lves  separated from t h e i r  
dams a t  b i r t h ,  or  when found, was 8 . 8  ZST u n i t s .  In the present study  
every  e f f o r t  was made to  ensure t h a t  the ca lves  of  group E ingested  
a l l  the  colostrum o f f e r e d  to  them, by feeding them w i th  a R o s e - M i l l e r  
t e a t  funnel  and not from a bucket.
Under n a tura l  c o n d i t ions  Selman and o thers  (1970b) recorded
th a t  the t ime to  f i r s t  suck l ing  v a r ie d  from a mean of  8 1 .4  minutes f o r
e ig h t  ca lves  born to  beef cows to  a mean o f  261*1 minutes f o r  seven
calves  born to  d a i r y  cows. They a ls o  noted t h a t  seven o f  the 30
calves  observed f a i l e d  to  suckle  a t  any t ime during  the  f i r s t  e ig h t
hours a f t e r  b i r t h *  In the  present study the  mean t ime from b i r t h
to  the complet ion o f  a s s is t e d  suck l ing  f o r  the  15 ca lves  of  group C
was 63 .13  -  8 .3  minutes and f o r  the  100 calves  a s s is t e d  to  suckle
colostrum to  s a t i a t i o n  i t  was 6 5 .7 4  -  2 2 .94  minutes .  When Selman and
others  (1970b) examined the  in f lu e n c e  o f  dam shape on the  t ime of
f i r s t  s u c k l in g ,  they found t h a t  the mean t ime to  f i r s t  suck l ing  by nine
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calves  born to  "good-shaped dams" was 7 9 .4  -  4 1 . 8  minutes .  T h is ,  o f  
course,  does not imply t h a t  the  ca lves  suckled to  s a t i a t i o n  a t  t h i s  
f i r s t  suck l ing  per iod*  Studying th e  post- lambing behaviour o f  Barki  
ewes and lambs S h a r a fe ld in  and Kandeel (1971) recorded a mean t ime to  
f i r s t  suck l ing  o f  2 9 .5  m inutes .  They a ls o  noted t h a t  the t ime to  
f i r s t  suck l ing  f o r  lambs born to  pr imiparous ewes was ne ar ly  tw ice  
t h a t  f o r  lambs born to  m ul t iparous  ewes.' Ducker and Fraser  (1973) 
demonstrated t h a t  lambs born to  housed ewes and managed in t e n s iv e ly  
in the period immediately a f t e r  b i r t h  had s i g n i f i c a n t l y  h igher  serum 
c once ntra t ions  o f  absorbed immunoglobulins than lambs which had no 
in t e n s iv e  post-partum management. However, they were unable to  
demonstrate any d i f f e r e n c e  in the  serum conce n tra t io n s  o f  absorbed 
immunoglobulins between lambs, born indoors and managed i n t e n s i v e l y ,  
and lambs born outdoors under na tura l  c o n d i t io n s .
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Although î t  had been suggested t h a t  nO c o r r e l a t i o n  e x i s t s  
between the co n ce n t ra t io n  o f  immunoglobulins in c o l o s t r a l  whey fed t o  
ca lves  and the subsequent serum c oncentra t ions  o f  absorbed c o lo s t r a l  
immunoglobulins (Fey and Hunyady, 1962; Smith and o t h e r s ,  19&7;
Klaus and o th e r s ,  1969; Penhale and o th e r s ,  1 97 3 ) ,  a d e t a i l e d  
i n v e s t i g a t i o n  by Selman (1969) demonstrated t h a t  a h ig h ly  s i g n i f i c a n t  
c o r r e l a t i o n  e x is te d  between the  c o n c e n t ra t io n  o f  immunoglobulins in  
the  c o lo s t r a l  whey and the  48-hour  serum co n cen tra t io n  o f  absorbed  
c o lo s t r a l  immunoglobulins when ca lves  were fed on a w e ig h t -b a s is  and 
a t  the same t ime post -par tum.  The h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  
(r  = + 0 . 7 5 ,  p<  0.001)  between the  c o lo s t r a l  whey immunoglobulin 
c o n ce n t ra t io n  and 48-hour  absorbed ZST values f o r  100 calves  a s s is t e d  
to  suckle to  s a t i a t i o n  immediately a f t e r  b i r t h  demonstrated in 
Sect ion  3 (F igure  2 )  confi rms t h i s  f i n d i n g .  There a re  two poss ib le  
reasons why the in t e r c e p t  on the Y -a x is  is 6 .5 7  when i t  is known t h a t  
the  p r e c o lo s t r a l  ZST va lues  r a r e l y  exceed 2 ZST u n i t s  (Selman, 196 9 ) .  
F i r s t l y ,  because o f  the wide v a r i a t i o n  in the  weight o f  colostrum  
ingested ( 0 , 8 - 4 . 1  kg) the  mass o f  immunoglobulins presented to  the  
calves  w i l l  have v a r ie d  enormously,  and Kruse (1970b) has shown t h a t  
more than 50 per cent o f  the  v a r i a t i o n  in the  serum c oncentra t ions  o f  
absorbed c o lo s t r a l  immunoglobulins is d i r e c t l y  a t t r i b u t a b l e  t o  the  
mass o f  immunoglobulins ingested by the c a l f .  Secondly,  a t  serum 
gammaglobulin co n ce n tra t io n s  o f  g r e a t e r  than 30 mg/ml, the  r e l a t i o n ­
ship between serum gammaglobulin c o n c e n t ra t io n  and z in c  su lphate  t u r b i ­
d i t y  t e s t  is not l i n e a r  (McEwan and o th e r s ,  1970b)and t h e r e f o r e  the  
z in c  su lphate  t u r b i d i t y  t e s t  is  l i k e l y  to  underestimate  high serum 
immunoglobulin c o n c e n t ra t io n s .  i t  is  extremely  u n l i k e l y  th a t  any 
v a r i a t i o n  in the  p ro p o r t io n  o f  immunoglobulins to  the  t o t a l  p r o t e in  
in the  c o lo s t r a l  whey c o n t r ib u te d  to  the e r r o r  as t h i s  p ropor t ion  
remains r e l a t i v e l y  constant (P ie r c e ,  1962; Selman, 1969 ) .
Four ca lves  (67,  73,  79,  156) remained s ev e re ly  hypogamma- 
globu l inaem ic  ( less  than 10 ZST u n i ts )  even although a l l  four  ca lves  
were a s s is t e d  t o  suckle to  s a t i a t i o n  and the  longest t ime from b i r t h  
t o  complet ion o f  suck l ing  was 85 minutes ( c a l f  79) . The mean weight
■f"
o f  colostrum ingested by the  four  ca lves  was 2 ,0 7  -  0 .5 4  kg which was 
s l i g h t l y  less  than the mean weight ingested by a l l  100 ca lves  (2 .2 9  
+ 0 .6 5  k g ) .  The mean c o n c e n t ra t io n  o f  immunoglobulins in the  whey 
prepared from the colostrum ingested by the fo ur  ca lves  was 1 .95  + 0 .3 7
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g/ lOOml,  on ly  26 per cent o f  the mean o f  7 .50  g/lOOml fo r  a l l  100 cows.
The problem o f  hypogammaglobulinaemla is not r e s t r i c t e d  to  
the  d a i ry  c a l f .  Logan and others  (1974a) noted t h a t  23 per cent o f  
s in g le -s u c k le d  ca lves  born indoors to  beef cows which were lo o se -  
housed in the t r a d i t i o n a l  S c o t t is h  court  system, were 
hypogammaglobulinaemic,  i . e .  less* than 5 mg/ml IgG and 1,1 mg/ml IgM 
(Penhale and o th e rs ,  1973) and were e s p e c i a l l y  d e f i c i e n t  in IgM. By 
in t roduc ing  a s t r i c t  management regime f o r  the superv is ion  of  
p a r t u r i t i o n  and by increas ing  the area a l lowed per cow, the incidence  
of  hypogammaglobulinaemia was reduced to n i l  (McBeath and Logan, 1 9 7 4 ) ,  
There was no s i g n i f i c a n t  increase in the  mean serum co n c e n t ra t io n  of  
IgG, but the mean serum co n c e n t ra t io n  of  IgM was increased by 80 per  
cent  and th a t  o f  IgA by 21 per c e n t .  The authors  suggested t h a t  
these d i f f e r e n c e s  were due to  the d i f f e r e n t i a l  ra te s  o f  i n t e s t i n a l  
" c lo s u re "  f o r  the d i f f e r e n t  classes of  immunoglobulin (Penhale and 
o t h e r s ,  197 3 ) .  Moreover,  Logan and Gibson (1975) found t h a t  42 per  
cent o f  ca lves  born to  o ld  beef cows ( i . e .  more than e ig h t  pregnancies)  
had serum immunoglobulin concentra t ions  o f  less  than 20 ZST u n i ts  
which the  authors  a t t r i b u t e d  to  low pendulous udders o f  the dams w i th  
a consequent delay  in t ime to  f i r s t  s u c k l in g .  in a study o f  the  
serum conce n tra t io n s  of  absorbed immunoglobulins in Merino and 
S c o t t is h  Blackface  lambs, H a l l i d a y  (1974) found t h a t  12 .5  per cent  o f  
tw in  or  t r i p l e t  lambs born to ewes aged seven years or more were 
agammaglobulinaemic when sampled a t  48 hours o f  age.  Although the  
author  suggested t h i s  may have been due to a d e c l in e  in colostrum  
p roduc t ion ,  i t  is much more l i k e l y  th a t  i t  was a d i r e c t  r e s u l t  o f  
poor udder conformation and /or  poor t e a t  shape.
The co n c e n t ra t io n  o f  immunoglobulins in the  c o lo s t r a l  wheys 
fed  to  the 100 ca lves  a s s is t e d  to  suckle to  s a t i a t i o n  v a r ie d  from 
1 .57  g/100ml to  14 ,22  g/100ml and f o r  the 162 c o l o s t r a l  samples 
examined in t h i s  th e s is  the range was 1 .02  g/100ml to  14.22 g/ lOOml.  
This wide in d iv id u a l  v a r i a b i l i t y  In the immunoglobulin c o n ce n t ra t io n  
has been noted p re v io u s ly  (Fey and Hunyady, 1962; Selman, 1969;
Kruse,  1970a; Logan, 1977) and is u n re la ted  to  feed in g  (Steinbach  
and Meyer,  1965; Logan, 19 7 7 ) ,  o r  to  the  season o f  the  year (Selman,  
1 96 9 ; Kruse,  1970a) .
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A computer s im u la t io n  study led Kruse (1970c) to  suggest t h a t
newborn calves  should ingest  a minimum of  lOOg o f  c o lo s t r a l
immunoglobulins w i t h i n  f i v e  hours o f  b i r t h  t o  reduce the p o s s i b i l i t y  o f  
hypogammaglobulinaemia. Thus, given the  v a r i a t i o n  in the c o n c e n t ra t io n  
o f  immunoglobulins,  the y i e l d  o f  colostrum becomes important .  Larson  
and Kendall  (1957) recorded an average y i e l d  o f  1 0 .2  kg o f  colostrum  
f o r  e ig h t  h e i f e r s  and cows dur ing the f i r s t  2k hours a f t e r  p a r t u r i t i o n  
and Ste inbach and Meyer (1965) found an average y i e l d  o f  3 .9  kg of
colostrum a t  the  f i r s t  m i l k in g  a f t e r  p a r t u r i t i o n  f o r  12 h e i f e r s  w i th  a
range o f  0 .3  to  8 .3  kg. Kruse (1970a) found t h a t  cows of  the Danish 
red breed produced s i g n i f i c a n t l y  more colostrum a t  f i r s t  m i lk in g  a f t e r  
p a r t u r i t i o n  than cows o f  e i t h e r  the  Danish b lack  and w h i te  breed or  
Jersey breed. Selman (1969) demonstrated a wide v a r i a t i o n  in the  
volume o f  colostrum produced by 20 A y rs h i re  cows and h e i f e r s  machine 
milked w i t h i n  f i v e  hours o f  p a r t u r i t i o n  from 3 .0  l i t r e s  to  16 .0  l i t r e s  
w i th  the consequent v a r i a t i o n  in t o t a l  immunoglobulin y i e l d  from 85g 
to  l66 0 g .  S i m i l a r l y ,  Logan (1977) recorded a range o f  y i e l d s  o f  
colostrum from 22 crossbred beef cows a t  f i r s t  m i lk in g  o f  100ml to  
3500ml and the t o t a l  production  o f  immunoglobulins ( IgG, IgM, IgA) 
v a r ie d  from 7.33g to  2 3 6 . 6g.
In the present study the vast m a j o r i t y  o f  cows produced 
s u f f i c i e n t  colostrum to  s a t i s f y  the c a lv e s ,  but several  calves  (47,
104, 144) consumed a l l  the  a v a i l a b l e  colostrum w i th o u t  being s a t i a t e d .  
The s iz e  and shape o f  the  t e a t s  was the on ly  o ther  major f a c t o r  in the  
present  study which reduced the  In ta ke  o f  colostrum. Several  dams, 
e s p e c i a l l y  f i r s t  c a lv in g  h e i f e r s  (9,  7 0 , 1 5 8 ) ,  had very small t e a t s  
which made prehension very  d i f f i c u l t .  Very la r g e  d is tended t e a t s  
a ls o  made suck l ing  d i f f i c u l t ,  as occurred in the  case o f  c a l f  27 
and noted p re v io u s ly  by Logan and o thers  (1974a ) ,
There was no s i g n i f i c a n t  d i f f e r e n c e  In the  c o n c e n t ra t io n  o f  
immunoglobulins in the c o l o s t r a l  whey o f  the  th r e e  major groups o f  
breeds or crosses o f  cows in the  present exper iments,  a l though the low 
numbers o f  F r i e s i a n  dams and A y r s h i r e x F r ie s ia n  dams make i t  d i f f i c u l t  
t o  draw any f i r m  conc lus ions .  The 23 F r ie s ia n  dams had the h ighest  
mean c o n c e n t ra t io n  o f  8 .6 6  -  2 .2 7  g /100m l .  Kruse (1970a) repor ted  
th a t  al though th e re  was no s i g n i f i c a n t  d i f f e r e n c e  in the t o t a l  y i e l d  
o f  c o lo s t r a l  immunoglobulins produced by e i t h e r  the  Danish red breed
9 ?
or  the  Danish b lack  and w h i te  breed,  a negat ive  c o r r e l a t i o n  e x is te d
between the y i e l d  o f  colostrum and the co n cen tra t io n  o f  immunoglobulins
in the  whey; the Danish b lack  and whi te  breed had h igher
conce ntra t ions  o f  c o lo s t r a l  Immunoglobulins,  but y ie ld e d  s i g n i f i c a n t l y
lower volumes o f  colostrum than the  Danish red breed. However, Logan
(1977) was unable to  demonstrate any c o r r e l a t i o n  between the y i e l d  of
colostrum and the co n c e n t ra t io n  o f  immunoglobulins in the whey o f  22
cross-bred beef cows. The mean whey immunoglobulin co n c e n tra t io n  of  
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7 .3 9  -  2 .4 9  g/100ml in the  120 c o l o s t r a l  samples c o l l e c t e d  from
4-
A y rs h ire  dams was very  s i m i l a r  to  the va lue o f  7 .53  -  3 .33  g/100ml  
recorded by Selman (1969) f o r  20 A y rsh i re  dams. Kruse (1970a) 
demonstrated t h a t  f i r s t  c a lv in g  h e i f e r s  o f  the Danish red breed, but  
not o f  the Danish b lack  and w h i te  breed,  had s i g n i f i c a n t l y  lower  
c o lo s t r a l  whey immunoglobulin conce ntra t ions  than cows which had had 
fo u r  or more c a lv e s ,  bu t ,  because of the lower volume of colostrum  
produced, f i r s t  c a lv in g  h e i f e r s  o f  both breeds had s i g n i f i c a n t l y  
lower y i e l d s  o f  immunoglobulins than mul t iparous  cows. In the present  
study th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between the c o lo s t r a l  whey 
immunoglobulin c o n cen tra t io n s  o f  the 83 f i r s t  c a lv in g  h e i f e r s  and the  
80 mul t iparous  cows o f  a l l  breeds.  Fur thermore,  no s i g n i f i c a n t  
d i f f e r e n c e  was found between the  c o lo s t r a l  whey immunoglobulin 
c once ntra t ions  o f  51 f i r s t  c a lv in g  h e i f e r s  and the  69 mul t iparous  
cows o f  the A y rs h i re  breed.
Although the  co n c e n t ra t io n  o f  immunoglobulins in c o lo s t r a l  
whey appears to  be u n re la te d  to  the feeding o f  the  cows ( P a r r is h ,
Wise,  Hughes and Atkeson, 1948; Steinbach and Meyer,  1965; Logan,  
1977) ,  d i e t  is l i k e l y  to  have a major in f lu e n c e  on th e  y i e l d  of  
colostrum and thus on the t o t a l  y i e l d  o f  immunoglobulin a v a i l a b l e  to  
the  newborn c a l f .  T h is  e f f e c t  w i l l  be much more c r i t i c a l  in beef cows 
kept on a minimal d i e t  and Logan (1977) found th a t  o u tw in te red  beef  
cows r e c e iv in g  no supplementary feeding  gave s i g n i f i c a n t l y  less  
colostrum than beef  cows housed and fed s i l a g e  ad l i b . The p re -  
partum loss of  co lostrum Is a major cause o f  low c o lo s t r a l  whey 
immunoglobul i'n co n cen tra t io n s  and was responsib le  f o r  the very low 
values In four  cows (6 7 , 73,  1 15,  156) in the present exper iments ,  
but two o ther  dams (79,  105) a ls o  produced colostrum w i th  very low 
Immunoglobulin co n cen tra t io n s  w i th o u t  le a k in g  co lost rum.  Pre-partum  
m i lk in g  a ls o  reduces the immunoglobulin content o f  the colostrum
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( H i l l ,  Widdowson and Maggs, 1950; Aschaf fenburg , B a r t l e t t ,  Kon, Roy, 
W a lker ,  Briggs and L o v e l l ,  1951; Rowland, Roy, Sears and Thompson, 
1 9 5 3 ) ,  and Kruse (1970a) was unable to  d e f in e  any o ther  fa c t o r s  which 
might be respons ib le  f o r  low c o l o s t r a l  whey immunoglobulin 
c o n c e n t ra t io n s .
There  a re  many re p o r ts  o f  breed v a r i a t i o n  o f  s u s c e p t i b i l i t y  
t o  neonatal  d isease (Blakemore and o th e r s ,  1948; W i th e rs ,  1952 
Leech and o th e rs ,  1968; Oxender and o th e r s ,  1973; Larouche and B lack ,  
1973) a l though Aschaffenburg and others  (1952) showed th a t  co lost rum-  
depr ived  F r i e s i a n  and Da iry  Shorthorn calves  had s i m i l a r  m o r t a l i t y  
r a t e s .  Selman and o thers  (1971b) demonstrated t h a t  F r i e s ia n x A y r s h i r e  
calves  absorbed s i g n i f i c a n t l y  more whey immunoglobulins than A y rs h i re  
calves  managed under i d e n t i c a l  c o n d i t io n s .  Th e re fo re  the f in d in g s  o f  
Sect ion  4 in which no obvious s i g n i f i c a n t  d i f f e r e n c e  could be 
demonstrated between the  var ious  breeds and crosses are  i n t e r e s t i n g  
and suggest t h a t  the e f f e c t  o f  any breed v a r i a t i o n  in a b s o rp t iv e  
e f f i c i e n c y  is l i k e l y  to  be minimal and o f  l i t t l e  p r a c t i c a l  importance,  
Kruse (1970b) suggested t h a t  the  poorer a b s o rp t iv e  a b i l i t y  o f  the  
Danish red breed ca lves  compared to  the  Danish b lack  and w h i te  breed 
calves  was a g e n e t ic  v a r i a t i o n .  In a s e r ie s  o f  unstandardised  
experiments  H a l l i d a y  (1966) suggested t h a t  F inn ish  Landrace lambs had 
a g r e a t e r  a b so rp t iv e  e f f i c i e n c y  than e i t h e r  Her inoxChev iots  or S c o t t is h  
Blackface  lambs. However, l a t e r  work by the same author  ( H a l l i d a y ,  
1971,  1974) recorded no s i g n i f i c a n t  d i f f e r e n c e  in the immunoglobulin 
concentra t ions  o f  two day o ld  Merino  and Blackface  lambs, and th a t  
the  h igher  serum immunoglobulin c o n centra t ions  of  F inn ish  Landrace  
lambs were a t t r i b u t a b l e  to the much sm al le r  weight  (and t h e r e f o r e  
plasma volume) o f  F inn ish  Landrace compared to  S c o t t is h  B lack face ,  
Merino and Mer inoxChev iot lambs and poss ib ly  the  s l i g h t l y  h igher  
p r o t e in  conce ntra t ions  o f  F inn ish  Landrace colostrum ( H a l l i d a y ,  1 968 ) ,  
H a l l i d a y  (1968, 1970) a ls o  noted th a t  the serum immunoglobulin 
concen tra t io n s  o f  B lack face  and Mer inoxCheviot lambs were n e g a t i v e ly  
c o r r e l a t e d  w i th  l i t t e r  s iz e  whereas the  c o n ce n tra t io n  in Finnish  
Landrace twins and t r i p l e t s  were as high as those o f  s in g le  lambs.
This  again  is p ro b a b ly  a r e f l e c t i o n  of  the low weight o f  F inn ish  
Landrace lambs and the  volume o f  colostrum produced by t h i s  breed 
which Is noted f o r  i t s  p r o l i f i c a c y  and m i lk in e s s .
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Examination o f  the two d i s t r i b u t i o n  histograms in Sect ion  
(F igures  3 and 4) re vea ls  t h a t  almost 44 per cent o f  the "market'*  
calves  were sev ere ly  hypogammaglobulinaemic ( less  than 10 ZST u n i ts )  
compared to only 4 per cent o f  those calves  a s s is te d  to suckle to  
s a t i a t i o n  immediately a f t e r  b i r t h .  The d i s t r i b u t i o n  o f  the  serum 
immunoglobulin c o n ce n t ra t io n s  o f  "market"  calves  in t h i s  survey is 
v i r t u a l l y  i d e n t i c a l  to  t h a t  o f  Gay and o thers  (1965a, 1965b) and 
McEwan and o thers  (1970a) who a ls o  found t h a t  approx im ate ly  45 per cent  
o f  "market"  ca lves  were s e v e re ly  hypogammaglobulinaemic.  I t  was a ls o  
shown th a t  almost 60 per cent  o f  these s ev ere ly  hypogammaglobulinaemic 
calves  e v e n t u a l l y  d ied o f  e i t h e r  c o l is e p t ic a e m ia  or neonatal  d ia r rh o e a .  
The m a j o r i t y  o f  the "market"  ca lves  in the present study were A y rs h i re  
b u l l  ca lves  but any suggest ion t h a t ,  because t h i s  type  of  c a l f  has a 
very low commercial v a lu e ,  they re c e iv e  minimal p o s t - p a r t u r i e n t  care  
is  r e fu te d  by the  f i e l d  survey o f  Selman and others  (1971a) who 
demonstrated t h a t  a high p ro p o r t io n  of  d a i ry  h e i f e r  ca lves  re ta in e d  on 
the  farm o f  b i r t h  a ls o  had very  low serum immunoglobulin c o n ce n tra t io n s ,
The f in d in g s  o f  Chapter 2 c l e a r l y  demonstrate t h a t  the  
suggest ion t h a t  some ca lves  are  c o n g e n i t a l l y  unable to  absorb c o l o s t r a l  
immunoglobulins (Fey,  1962; .Gay and o th e r s ,  1965a; Klaus and o t h e r s ,  
1969) is no longer  te n a b le  and t h a t  the  e a r l y  feeding  o f  colostrum t o  
s a t i a t i o n  w i l l  r e s u l t  in a t  l e a s t  80 per cent o f  ca lves  ach iev ing  
acc eptab le  c oncentra t ions  o f  p a ss iv e ly  acquired immunoglobulins  
(g r e a te r  than 20 ZST u n i t s ) .  I t  should be noted t h a t  a small  
p ro p o r t io n  ( less  than 5%) o f  ca lves  may remain s ev e re ly  
hypogammaglobulInaemic d e s p i te  e a r l y  feeding and ingest ing  a 
con s id e rab le  weight  o f  co lostrum (g re a te r  than 2 kg) because o f  low 
co n ce n tra t io n s  o f  immunoglobulins in the co lost rum.  I t  has a ls o  been 
demonstrated t h a t  second or subsequent feeds o f  colostrum and any 
e f f e c t  due to  breed v a r i a t i o n  a re  l i k e l y  to be o f  l i t t l e  p r a c t i c a l  
importance.
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T H E  R E L A T I O N S H I P  BETWEEN A B S O R B E D  I M M U N O G L O B U L I N S ,  AD L I B I T U M  F E E D I N G  
OF M I L K  S U B S T I T U T E ,  L I V E W E I G H T  G A I N .  AND THE I N C I D E N C E  OF D I A R R H O E A  
DURING T H E  F I R S T  FOUR WE EKS OF L I F E
N T R O D U C T I O N
In the  major surveys c a r r i e d  out in neonatal  c a l f  m o r t a l i t y  
"scour"  has been l i s t e d  e i t h e r  as a major c l i n i c a l  sign or as a cause 
o f  death (W ithers ,  1 952,  1953; Leech and o th e r s ,  1 9 6 8 ) .  Although  
o v e r fe e d in g ,  e i t h e r  w i th  whole m i lk  or m i lk  s u b s t i t u t e ,  has f r e q u e n t l y  
been c i t e d  as one o f  the main c o n t r ib u t o r y  fa c to r s  o f  neonatal  c a l f  
d ia rrho ea  (B la x te r  and Wood, 1953; Morr ison,  1959; I n g l i s ,  I9 6 0 ;  
Loosemore, 1964; Roy, 1 964 ) ,  Mylrea  (1966) found th a t  th e re  was no 
d i f f e r e n c e  in the dry m a t te r  content of  faeces produced by ca lves  on 
an u n r e s t r ic t e d  whole m i lk  d i e t  or by calves  on a more convent iona l  
r e s t r i c t e d  d i e t .  The ca lves  on the r e s t r i c t e d  d i e t  were fed whole 
m i l k  a t  ten per cent bodywelght d a i l y  w h i ls t  those calves  on an 
u n r e s t r i c t e d  d i e t  consumed up to  approximate ly  25 per cent o f  t h e i r  
bodyweight d a i l y .  However, using a small number o f  calves  in a 
l i m i t e d  exper iment ,  Wise and La Master (1968) found th a t  calves  on an 
u n r e s t r i c t e d  m i lk  d i e t  had a h igher  incidence o f  d ia rrhoea  than calves  
on a r e s t r i c t e d  d i e t .  Furthermore,  Leaver and Yarrow (1972) recorded 
t h a t  c a lv e s ,  on a o h c e - d a î l y  feed in g  regime, consuming 3200 ml of  
mi 1k - s u b s t i t u t e  had a s i g n i f i c a n t l y  h igher  incidence of  d ia rrhoea  
than ca lves  re c e iv in g  only  1600 ml once d a i l y .
The i n t e r - r e l a t i o n s h i p  between housing,  n u t r i t i o n  and the  
incidence o f  d iarrhoea  in the  young c a l f  rece ived c ons iderab le  impetus 
from the work o f  Roy and h is  co l leagues who found t h a t  the inc idence  
o f  d ia rrhoea  w i t h i n  a ca l fhouse  was d i r e c t l y  p ro por t iona l  to the length  
o f  t ime the ca l fhouse  was occupied (Roy and o th e r s ,  1955a) .  Wood 
(1955) suggested t h a t  as the per iod  o f  continuous occupancy progressed  
a " b u i ld -u p  o f  i n f e c t i o n "  occurred w i t h i n  the c a l fho use .  Roy and 
others  (1955a) considered t h a t  t h i s  "b u i ld -u p  o f  i n f e c t i o n "  occurred  
a t  a much slower r a t e  when ca lves  were fed whole m i lk  than when ca lves  
were fed a m i lk  s u b s t i t u t e .
S h i l l a m ,  Roy and Ingram (1962a) compared the e f f e c t  o f  whole 
m i lk  and s y n t h e t ic  m i lk  d i e t s  on the incidence o f  d ia rrhoea  and 
m o r t a l i t y  in young ca lves  and concluded t h a t  the s p ra y -d r ie d  skim -m i lk  
f r a c t i o n  o f  s y n t h e t ic  m i lk  powders was responsib le  fo r  the increased
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m o r t a l i t y  o f  calves fed t h i s  d i e t  as a r e s u l t  o f  50 per cent  
d é n a tu ra t io n  o f  the whey p ro te in s  dur ing the dry ing process.  F u r th e r  
stud ies  confirmed t h a t  severe heat t reatm ent o f  s k im -m i lk ,  i . e .  e i t h e r  
74°C fo r  30 minutes or 135°C f o r  1 -3  seconds, p r i o r  to  spray dry ing  
r e s u l te d  in poor performances when fed to  calves  but th a t  heat ing  skim-  
m i l k  to 77°C f o r  on ly  15 seconds caused l i t t l e  d é n a tu ra t io n  o f  the  
whey pro te ins  (Sh i l lam and o th e r s ,  1962b, 1962c) .  The a d d i t io n  of  
c h i o r t e t r a c y c l i ne (S h i l la m  and Roy, 1963a) ,  calcium (Sh i l lam and Roy, 
1963b ) ,  or selenium (S h i l lam  and Roy, 1963c) had no in f lu e n ce  on the  
de tr im en ta l  e f f e c t  o f  m i lk  s u b s t i t u t e  powders based on sk im -m i lk  which 
had undergone severe heat t re a tm ent  p r i o r  to  d ry in g .  The poor 
response to  such r e c o n s t i t u t e d  m i lk  s u b s t i t u t e  powders was assoc iated  
w ith  t h e i r  poor c l o t t i n g  c h a r a c t e r i s t i c s  and poor p ro te in  d ig e s t io n  in 
the  abomasum which re s u l te d  in an increased f low  o f  undigested p ro te in  
in to  the small i n t e s t i n e  (Tagari  and Roy, 1969 ) .
The feed in g  of raw sk im -m i lk  d i r e c t l y  to  calves  r e s u l t s  in 
faeces w i th  a very low dry m at te r  con te n t ,  an e f f e c t  which appeared to  
be more marked in A y rs h i re  calves  than F r ie s ia n  calves  (Roy, 1969 ) .  
in calves  fed whole sk im -m i lk ,  an increased abomasal p r o te o ly s is  occurs  
(Ternouth,  197 1 ) ,  but increas ing  the  f a t  content o f  both m i lk  
s u b s t i tu te s  and whole sk im -m i lk  reduces the incidence o f  d iarrhoea  
(Roy, 196 9 ; Roy, Stobo and Gaston, 1970; L i s t e r ,  1971; Leaver and 
Yarrow,  1972; Roy, Stobo, Gaston, Shotton and Ganderton,  1973 ) .
Non-milk  p ro te in s  Incorporated  i n to  m i lk  s u b s t i t u t e ,  such as soya bean
meal (Smith,  H i l l  and Sissons, 1970; Smith and Wynn, 1971; Roy and
Ternouth ,  1972; Ramsey and W i l l a r d ,  1975) and f i s h  meal p r o te in  (Huber,  
1975) have been assoc iated  w i th  a high incidence o f  d ia rrhoea  in the  
young c a l f .
The type of  housing has no s i g n i f i c a n t  e f f e c t  on the  
inc idence o f  d ia rrho ea  in neonatal  calves ( W l l l e t ,  A l b r i g h t ,  Cunningham 
and H in k le ,  I 9 6 8 ; Jorgenson, Jorgenson, Schingoethe and Owens, 1970 ) ,  
S i m i l a r l y  although th e re  is some evidence t h a t  n ip p le  feed ing systems 
reduce the  inc idence and s e v e r i t y  o f  neonatal  c a l f  d ia rrhoea  (Hoyer 
and L a r k i n ,  19 5 4 ) ,  most workers have f a i l e d  to  show any s i g n i f i c a n t  
d i f f e r e n c e  in the  incidence o f  d ia rrho ea  in calves  on e i t h e r  open pa i l
o r  n ip p le  feeding  systems (K e s le r ,  McCarthy and Knodt, 1956; Wise and
La M a s te r ,  I 9 6 8 ; Oxender and o th e r s ,  1973 ) .  The feeding  o f  calves
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once d a i l y  has become in c re a s in g ly  popular due to  the reduct ion  in 
labour costs and convenience,  and i t  has been shown t h a t  under the same 
management cond i t ions  th e re  is no s i g n i f i c a n t  d i f f e r e n c e  in the  
inc idence o f  d ia rrhoea  in A y rs h i re  or H o ls te in  ca lves  fed m i lk  s u b s t i t u t e  
e i t h e r  once or tw ice  d a i l y  (B u rt ,  1968; Ackerman, Thomas, Thayne and 
Butcher ,  1969 ) .  Owen, Plum and H a r r is  (1965) recorded a s i m i l a r  
f in d in g  when ca lves  were fed whole m i lk  once or  tw ice  d a i l y .
Although surveys have in d ic a te d  th a t  ca lves  o f  the A y rs h i re  
and Channel Is land breeds a re  a p p a re n t ly  more l i k e l y  to  d ie  dur ing the  
neonatal per iod (Blakemore and o t h e r s ,  1948; W i th e rs ,  1952c; Leech 
and o th e r s ,  1968; Oxender and o th e r s ,  1973; Larouche and Black ,  1973 ) ,  
th e re  is l i t t l e  evidence to suggest th a t  the re  a re  any marked breed 
d i f f e r e n c e s  in the s u s c e p t i b i l i t y  to  neonatal  d ia r rh o e a .  Aschaffenburg  
and o thers  (1952) noted t h a t  when depr ived of colostrum th e re  was no 
s i g n i f i c a n t  d i f f e r e n c e  in e i t h e r  the  incidence o f  d ia rrhoea  or the  
mean age a t  death between F r i e s i a n  or  Shorthorn c a lv e s .  However, Roy 
(1969) suggested th a t  A y rs h ire  and Jersey calves  were more s u s c e p t ib le  
to  d ia rrho ea  than F r i e s ia n  ca lves  and considered t h a t  t h i s  might be 
r e la t e d  to  d i f f e r e n c e s  in the a b i l i t y  to  d igest  p r o t e i n .
Although the  e f f e c t s  o f  m i l k  s u b s t i t u t e  p r e p a r a t io n ,  methods 
o f  feed in g  and type o f  housing on the  incidence o f  d ia rrhoea  in the  
neonatal  c a l f  have been w id e ly  s tud ied  the r o le  played by p a ss iv e ly  
acquired  immunoglobulins has rece ived  l i t t l e  a t t e n t i o n  In many o f  
these exper iments ,  or has been very e m p i r i c a l .  Thus, Roy (1969) 
recorded a much higher  inc idence o f  d ia rrhoea  dur ing the f i r s t  th re e  
weeks o f  l i f e  in ca lves  fed only  400ml of  colostrum than in ca lves  fed
3 .4  l i t r e s  o f  colostrum,  when both groups were fed a m i lk  s u b s t i t u t e .
Gay and others  (1965a) found t h a t  a l though the  incidence and s e v e r i t y  
o f  d ia rrho ea  was not r e la t e d  to  the  co n c e n tra t io n  o f  serum 
immunoglobulins,  those calves  w i th  high concentra t ions  were u n l i k e l y  
to  succumb to  the e f f e c t s  of  d ia r rh o e a .
The o p p o r tu n i ty  was t h e r e f o r e  taken to  examine the  
r e l a t i o n s h i p  between the inc idence and s e v e r i t y  o f  d ia rrhoea  and the  
serum concentra t ions  o f  absorbed immunoglobulins in young ca lves  which 
were reared In groups and had f r e e  access to  an automatic  c a l f  f e e d e r .  
Although automatic  c a l f  feeders  a re  now w id e ly  used, there  is l i t t l e  
published work on the behaviour  o f  calves  reared in t h i s  system 
(Stephens, 1974; Hafez and L ineweaver ,  1968 ) ,  and one group o f  calves  
was observed fo r  a continuous 24-hour per iod once weekly f o r  f i v e  weeks.
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MATERIALS AND METHODS
The 113 ca lves  descr ibed in t h i s  sec t ion  were born a t  the  
V e t e r i n a r y  School and every p a r t u r i t i o n  was superv ised .  The aim was to  
have 14 or 15 ca lves  being born during  a two week p e r io d ,  but t h i s  was 
not always p o s s ib le ,  and the  113 ca lves  were assembled in to  n ine groups 
the  numbers in which v a r ie d  from nine t o  15 c a lv es .  They were born 
over a per iod o f  25 months from June 1971 to July  1973.
Cows, calves  and t h e i r  management
Cows The animals r e f e r r e d  to  in t h i s  s ec t ion  were a ls o  those used in 
Chapter 2 ,
B r i e f l y ,  the  cows were A y r s h i r e ,  F r i e s i a n  or A y r s h i r e x F r ie s i a n
cows or  h e i f e r s  admit ted  to  the  V e t e r in a r y  School in l a t e  g e s t a t io n .  In
the  m a jo r i t y  o f  cases,  p a r t u r i t i o n  took p lace  in straw-bedded loose-boxes  
and were a l lowed to  occur w i th  the  minimum o f  human i n t e r f e r e n c e .  
Immediate ly a f t e r  p a r t u r i t i o n ,  samples o f  blood and colostrum were 
c o l l e c t e d ,  and t r e a t e d  as descr ibed in Chapter 2.
Calves The n ine groups o f  calves  descr ibed in t h i s  s e c t io n  consis ted  o f  
Groups 3 ,  4 ,  6,  7,  8 ,  9 ,  10,  11,  12 (Table  6 ) .
The method, t im in g  and volume o f  colostrum fed to  each c a l f
v a r ie d  from group to  group and even w i t h i n  groups and t h e r e f o r e  each 
group o f  calves w i l l  be descr ibed s e p a r a t e ly .  A l l  ca lves  were weighed  
a t  approx im ate ly  15 minutes post -partum as descr ibed in Chapter 2 .  A 
sample o f  blood was c o l l e c t e d  from the  j u g u l a r  ve in  a t  15 minutes p o s t ­
partum ( p r e - c o l o s t r a l  sample) and a t  48 hours post-partum ( p o s t - c o l o s t r a l  
sample ) .  The serum immunoglobulin conce ntra t ions  were est im ated  using  
the  z in c  sulphate  t u r b i d i t y  t e s t  as descr ibed in Chapter 2 .  The serum 
c o n ce n t ra t io n  o f  absorbed immunoglobulins (ZST u n i ts  ) f o r  each c a l f  was 
determined by s u b t r a c t in g  the  p r e c o lo s t r a l  va lue from the p o s t - c o l o s t r a l  
v a lu e .
A f t e r  the  i n i t i a l  post-partum management procedures,  a l l  the  
groups were reared in a l a r g e ,  straw-bedded loose-box measuring  
4.5m X 4.1m approx im ate ly  and were fed m i l k - s u b s t : t u t e  (V i tamealo  C a l f  
M i l k  Mea l ,  Beecham A g r i c u l t u r a l  Products ,  London) suppl ied from an
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autom at ic  c a l f  fe e d e r .  Approximately  8-12  hours a f t e r  the l a s t  feed  
o f  col.ostrum or whole m i l k ,  each c a l f  was a s s is te d  to  suckle  2 -3  u n i ts  
o f  m i l k  s u b s t i t u t e  (2 -3  p in ts )  from the automatic  fe e d e r .  This was 
repeated approximate ly  12 hours la.ter-.  R a r e ly ,  i t  was necessary to  
repeat  t h i s  in t ro d u c to ry  t r a i n i n g  procedure f o r  a t h i r d  t im e .
The calves  were observed a t  re g u la r  i n t e r v a l s  throughout  
the  day and once d a i l y  each c a l f  was examined i n d i v i d u a l l y  f o r  the  
presence or absence o f  d ia r r h o e a .  No c a l f  rece ived any form o f  
chemotherapy but care  was taken to  ensure t h a t  a l l  calves  appeared to  
be suck l ing  the automatic  fe e d e r .
Faecal consis tency The consis tency  o f  the faeces was assessed v i s u a l l y  
and c l a s s i f i e d  on a score from 0 (normal) to 3 (p ro fu s e ly  d i a r r h o e i c ) .
In order  to  determine the  approximate dry m a t te r  content  (DM) o f  each 
score ,  ten samples o f  each c l a s s i f i c a t i o n  were c o l l e c t e d .  Two a l i q u o t s  
o f  each sample were weighed in a c r u c i b l e  and evaporated to  constant  
dryness in an oven and the average dry m a t te r  content o f  each score was 
determined (Table 1 2 ) ,  The mean values were 24.8% DM; 18,9% DM;
11,1% DM; and 4.5% DM f o r  scores o f  0,  1, 2 and 3 r e s p e c t i v e l y .
Previous workers have used o t h e r ,  but b a s i c a l l y  s i m i l a r ,  c l a s s i f i c a t i o n s  
to d e f i n e  faeca l  consistency,  in c a lv e s .  B la x t e r  and Wood (1953) 
c l a s s i f i e d  faecal  output as f o l l o w s ,  0.200g d a i l y ,  normal;  200-500g  
d a i l y ,  loose;  and more than 500g d a i l y ,  d i a r r h o e i c .  Logan and Penhale  
(1971a) c l a s s i f i e d  faeca l  m a te r ia l  w i th  a dry m at te r  content  o f  10% or  
less  as d i a r r h o e i c ,  as did F isher  and M a r t in e z  (1975 a ) .
The ca lves  were weighed once weekly on a Gascoigne c a l f  
weigher (Gascoigne,  Berke ley  Avenue, Reading) to  the  nearest  pound and 
the  value  converted to  k i logra m s .  The 28-day weight  of  each c a l f  was 
determined by c a l c u l a t i n g  the  average weight gained or l o s t  per day 
during  the  seven day per iod  in which day 28 f e l l  and adding the  
a p p r o p r ia t e  sum to  the previous week's w e igh t .
C a l f  p e n c i ls  (BOOM Calfwena p e n c i l s ,  BOCM/5i1 c o c k ) , hay,  and 
c lean water  were f r e e l y  a v a i l a b l e .  No attempt was made to  remove any 
s o i le d  straw and the  l i t t e r  was a l lowed to  b u i ld  up, adding f resh  straw  
when necessary.  To improve dra inage  of  the lo o s e -b o x ,  wooden s l a t s ,  
approx im ate ly  9 cm h igh ,  were l a i d  on the  concrete  f l o o r ,  underneath the
TABLE 12
D r y  M a t t e r  C o n t e n t  o f  F a e c e s
NORMAL F A E C E S F A E C A L  SCORE 1
S a m p l  e No. % D r y  M a t t e r S a m p l e N o . % D r y  M a t t e r
1 2 M e a n 1 2 M e a n
1 2 0 .9 21 .1 21 .0 1 18.0 19.0 18.5
2 2 8 ,6 23 .7 26 .2 2 2 0 .0 17.1 I B . 5
3 2 7 .0 30 .0 2 8 .5 3 1 8 .6 19.3 18 .9
4 2 0 .4 22 .2 21 .3 4 19.1 16.0 17 .5
5 19.6 22 .0 20 .8 5 21 .0 2 4 .2 2 2 .6
6 24 .3 26.1 2 5 .2 6 19.0 17.0 18.0
7 2 7 .5 2 5 .9 2 6 .7 7 12.6 17 .0 1 4 .8
8 2 5 .0 2 2 .8 2 3 .9 8 21 .8 20 .0 2 0 .6
9 27 .0 23 .0 25.0 9 2 6 .5 27 .3 2 6 .9
10 3 0 .4 2 8 .8 2 9 .6 10 14.5 1 1 .6 13.1
M e a n 24 .83 M e a n 18.95
S . D . “ 3 .09 S . D .
+
3 .8 7
F A E C A L SCORE 2 F A E C A L SCORE 3
S a m p l  e N o , % D r y  M a t t e r S a m p l  e N o , % D r y  M a t t e r
1 2 M e a n ' 1 2 M e a n
1 10.5 10 .5 10.5 1 4 . 9 3 .9 4 . 4
2 8 . 4 8 .0 8 .2 2 7 .8 6 ,0 6 . 9
3 10.5 11 .3 10 .9 3 7 .9 6 .5 7 .2
4 13.8 13 .8 13 .8 4 5 .0 4 . 4 4 . 7
5 11 .4 12 .0 11 .7 5 5 .0 5 .0 5 .0
6 8 .9 8 .9 8 .9 6 2 .5 3 .5 3 .0
7 10 .8 12 .0 1 1 .4 7 1 .5 1 .5 1 .5
8 7 .5 9.1 8 .3 8 3 .7 3 .5 3 .6
9 12.8 11.2 12.0 9 6 . 4 5 .2 5 .8
10 17 .5 14 ,0 15.5 10 2 .9 3 .5 3 .2
M e a n 11.13 M e a n 4 .5 4
S . D . -  2 .3 5 S . D . -  1 .7 9
1 0 1
straw.  P r io r  to  the i n t r o d u c t io n  o f  Groups 3,  4 ,  6 ,  7, 8 and 9 ,  the  
loose-box was thoroughly  cleansed and fumigated w i th  formaldehyde gas.  
The loose-box was not fumigated be fore  the in t r o d u c t io n  o f  Groups 10,
11 and 12 but i t  was thoroughly  cleaned and d i s i n f e c t e d .
Automatic c a l f  fe eder  The N u rs e t te  automatic  c a l f  fe eder  as used 
(F igure  5 ) consis ted o f  a small water  heat ing  u n i t ,  designed to  heat  
water  to 100°F,  a hopper co n ta in in g  dry m i lk  s u b s t i t u t e  powder w i th  a 
mechanism to  dispense a set  q u a n t i t y  o f  powder, and a m ix in g /h o ld in g  
bowl. The machine could supply a v a r i a b l e  q u a n t i t y  o f  m i lk  s u b s t i t u t e  
s o l u t i o n .  The q u a n t i t y  o f  s o lu t io n  suppl ied was determined by the  
p o s i t io n  o f  two e le c t ro d e s  s i t u a t e d  in the mixing bowl, the high and 
low leve l  e le c t r o d e s .  In the  present  s tudy ,  the machine was set  to  
d e l i v e r  570 ml (1 p in t )  o f  s o lu t io n  a t  12% t o t a l  s o l i d s .  When the  
l e v e l  o f  s o lu t io n  f e l l  below the  low lev e l  e le c t r o d e ,  the mixing c yc le  
was i n i t i a t e d .  The predetermined q u a n t i t y  o f  m i l k  s u b s t i t u t e  powder 
was d e l iv e r e d  from the  hopper which, was a g i t a t e d  by a v i b r a t o r  motor.
The powder was mixed w i th  the  remaining f l u i d  in the ho ld ing  bowl
before  the a d d i t io n  o f  more p re -h ea ted  water  to  the lev e l  o f  the high 
l e v e l  e le c t r o d e .  The mixing c yc le  took approx im ate ly  th ree  minutes  
to  complete .  During the mixing  cyc le  a stop va lve  was a c t i v a t e d ,  
which prevented the  m i lk  s o lu t io n  being drawn o f f  through the rubber  
t e a t ,  and each f r e s h l y  mixed batch o f  m i lk  s u b s t i t u t e  s o lu t io n  had t o  
be consumed before  another mixing cyc le  began. The machine was
cleaned thoroughly  once d a i l y .  I n t e r m i t t e n t l y ,  the mixing cyc le  was
not i n i t i a t e d  when the  f l u i d  in the  m ix in g /h o ld in g  bowl f e l l  below the  
low le v e l  e l e c t r o d e .  This f a u l t  was normally  c o r rec ted  by thoroughly  
r e - c le a n in g  the working par ts  w i t h i n  the  m ix in g - b o w l ; ensur ing t h a t  
both the high and low leve l  e le c t ro d e s  were scrupu lous ly  c lean .  
Occa s iona l ly  the m i lk  s u b s t i t u t e  powder would br idge in the hopper 
which re s u l te d  in calves  being suppl ied  w i th  warm water  a lo n e .  This  
may not have been a f a u l t  in the machine or the small v i b r a t o r  motor  
on the hopper,  but was probably  an inherent  f a u l t  o f  the powder,  
r e l a t e d  to  i t s  f r e e - r u n n in g  p r o p e r t i e s .  Br idg ing  appeared to  happen 
more f r e q u e n t ly  in humid weather .
Behavioural  s tud ies
The 14 ca lves  o-f Group 8 (Table  6 ) which were reared on the  
autom at ic  fe eder  were observed f o r  a continuous per iod  o f  24 hours once
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FIGURE 5 The N u rs e t te  automatic  c a l f  feeder
A -  Holding bowl and te a t  
B -  M i l k  s u b s t i t u t e  powder hopper 
C -  High and low leve l  e le c t ro d e s  
D -  Water heater
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weekly f o r  f i v e  weeks. The f i r s t  observa t ion  per iod was delayed u n t i l  
the youngest c a l f  was one week o ld  to a l lo w  complete f a m i l i a r i s a t i o n  
w ith  the automatic  fe e d e r .  The observations were c a r r i e d  out under 
continuous i l l u m i n a t i o n ,  i . e .  during the n igh t  the l i g h t s  were switched  
on. To a id  i d e n t i f i c a t i o n ,  a l l  14 calves  wore numbered neck s traps  
(Dalton Supplies L t d . ,  N e t t l e b e d ,  Henley-on-Thames, Oxon).
As s ta te d  above the automatic  c a l f  fe eder  was set  to  d e l i v e r  
570ml (l p in t )  o f  m i lk  s u b s t i t u t e  a t  12% s o l id s .  One mixing (570 m is /  
1 p in t )  was deemed tobe one u n i t  o f  m i lk  s u b s t i t u t e  and the number of  
u n i t s  consumed by each c a l f  during  a 24-hour observa t ion  period was 
noted to  the nearest i  u n i t .  To f a c i l i t a t e  observa t ion  the c le a r  
perspex holding bowl was marked o f f  in q u a r te r  d i v i s i o n s .  The number 
of  times a c a l f  consumed m i lk  during each 24 hour o bserva t ion  per iod  
was a ls o  noted.  A suck l ing  c yc le  was defined as t h a t  t ime from the  
beginning o f  suck l ing  u n t i l  the end o f  suck l ing  when the c a l f  a c t u a l l y  
moved away from the machine to  perform some o ther  a c t i v i t y .  I f  a c a l f  
consumed one u n i t ,  and then was in te r r u p te d  by another  c a l f  during the  
th re e  minute mixing c y c le ,  but continued to  suckle when the mixing  
process was completed,  i t  counted as one suckl ing c y c le .  The t o t a l  
machine use t ime was a ls o  noted.  The machine was deemed to  be in use
from the t ime a c a l f  began to  suckle  u n t i l  the complet ion o f  the mixing
cyc le  a f t e r  the l a s t  c a l f  had f i n i s h e d  s u ck l in g .  Thus, i f  the re  were  
no calves  a t  the machine dur ing the th ree  minute mixing c y c le ,  but a 
c a l f  began to  suckle immediate ly the mixing cyc le  was completed,  i t  was
taken t h a t  no i n t e r r u p t i o n  in machine use had occurred .
Laboratory  procedures The la b o r a to ry  procedures f o r  the i s o l a t i o n  
of  S, e n t e r i t i d i s  from the ca lves  o f  Group 10 and the a g g l u t i n a t io n  
t e s t s  have been descr ibed by P e t r i e ,  Selman, G r in d lay  and Thompson 
(1977) .
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SECTION
THE RELATIONSHIP BETWEEN ABSORBED IMMUNOGLOBULINS, AD LIBITUM FEEDING 
OF MILK SUBSTITUTE, LIVEWEIGHT GAIN, AND THE INCIDENCE OF DIARRHOEA 
DURING THE FIRST FOUR WEEKS OF LIFE
The composit ion o f  the  n ine  groups o f  c a lv e s ,  t h e i r  immediate  
p o s t -n a ta l  t re a tm en t ,  the inc idence of d iarrhoea  dur ing the f i r s t  fo ur  
weeks o f  l i f e  and the weight  gains w i l l  be descr ibed s e p a ra te ly  fo r  
each group, as th e re  was c o n s ide ra b le  v a r i a t i o n  between the  groups.
The weekly w e igh ts ,  the 28-day w e ig h ts ,  the weaning weights and the  
12-week weights are  presented in f u l l  in Appendix 3.
Using the  in fo rm a t ion  obta ined from these groups, several  
v a r i a b l e s  and t h e i r  i n t e r - r e l a t i o n s h i p s  f o r  g roup-reared  calves  were  
examined :
1. The r e l a t i o n s h i p  between the incidence o f  d iarrhoea  
and age during  the f i r s t  fo u r  weeks o f  l i f e .
2.  The r e l a t i o n s h i p  between the incidence o f  d ia rrhoea  
during  the  f i r s t  fo u r  weeks o f  l i f e  and t ime o f  e n t ry  to  
the re a r in g  accommodation.
3. The r e la t io n s h ip .b e t w e e n  the inc idence of d ia rrho ea  
during the  f i r s t  fo u r  weeks of  l i f e  and the serum 
c o n ce n tra t io n  o f  absorbed immunoglobulins.
4 .  The r e l a t i o n s h i p  between the  incidence o f  d iarrhoea  
and the  l i v e w e lg h t  gain  during the f i r s t  fo u r  weeks o f
1 i f e .
5.  The r e l a t i o n s h i p  between the feed ing o f  whole m i lk  
fo r  the f i r s t  four  days o f  l i f e  and the  incidence of  
d iarrho ea  dur ing the  f i r s t  four  weeks o f  l i f e .
In Group 10,  the  prevalence o f  d ia rrho ea  and the  demeanour 
of  the f i r s t  few ca lves  born was not g r e a t l y  d i f f e r e n t  from what had 
been observed in o ther  groups, but when the n in th  c a l f  in the  group 
was th re e  days o ld  i t  developed a profuse d ia rrho ea  which p e rs is te d  
u n t i l  i t  d ie d ,  aged ten days.  Fol lowing a ro u t in e  post-mortem
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examinat ion Salmonella  e n t e r i t i d i s  was is o la te d  from the i n t e r s t i n a l  
co n ten ts .  A f u r t h e r  four  ca lves  died from sa lm one l los is  and the  
c î în ic .a l  and p a tho log ica l  f in d in g s  of.  t h i s  outbreak a re  described in 
d e t a i l .  The in fo rm at ion  c o l l e c t e d  on the incidence o f  d ia rrhoea  in 
t h i s  group was not employed in the s t a t i s t i c a l  ana lyses .
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GROUP 3
There were 14 ca lves  (26-39) in Group 3, born over a 16 day 
per iod  from 11 .6 .71  to  2 6 . 6 , 7 1 .  The 14 calves  were a l l  subjected to  
the  same immediate p o s t -n a ta l  management t reatm ent as f o l l o w s : -
A11 14 ca lves  were born in loose-boxes.  A f t e r  each c a l f  had 
been weighed and a blood sample c o l le c t e d  a t  approximate ly  15 minutes 
post -par tum,  each c a l f  was a s s is t e d  to  suckle  colostrum to s a t i a t i o n  
from i t s  own dam. The ca lves  were a l lowed to  remain and to  have f r e e  
access to  t h e i r  dams f o r  12 hours. At 12 hours post-partum an a t tempt  
was made to  encourage each c a l f  to  suckle  ag a in .  Immediately fo l lo w in g  
t h i s  second suck l ing  p e r io d ,  the  ca lves  were removed t o  the loose-box  
which had been se le c ted  as the  re a r in g  accommodation. Approximately  
e ig h t  hours a f t e r  being placed in the  re a r in g  accommodation each c a l f  
was encouraged to  suckle  the  automatic  fe e d er .
The breeds,  sex,  b i r t h  and 28-day w e igh ts ,  28-day fa eca l  scores
and the  48-hour  serum c o n ce n tra t io n s  o f  absorbed immunoglobul ins for the
14 calves  a re  presented in Table  13 . There were 11 A y r s h i r e  c a lv e s ,
two A y r s h i r e x F r l e s ian c a lv e s ,  and one A y rsh Î r e x F r i e s ian (d am )xFr ie s ian
c a l f .  The male to female r a t i o  was 7 :7 .  The mean b i r t h  weight  was
3 3 .2 8  -  5 .9 5  kg. The mean 28-day weight  was 4 7 .1 7  -  7 .40  kg. The
mean 48-hour  serum c o n ce n t ra t io n  o f  absorbed immunoglobulins was 
H**
29 .8 6  -  9 .7 7  ZST u n i t s .  The ca lves  were evenly  spread over the 16 day 
c a lv in g  p e r io d ,  a l though the  f i r s t  two calves  (2 6 , 27 ) were born on the  
same day,  fo ur  days be fo re  the  next c a l f .
I n i t i a l l y ,  i t  was found to  be d i f f i c u l t  to  encourage calves  to  
suckle  the automat ic  fe e d e r ,  w i t h i n  s ix  hours o f  being placed in the  
re a r in g  accommodation. However when the f i r s t  suck l ing  was delayed  
u n t i l  a t  l e a s t  e ig h t  hours the calves  suckled the machine w i l l i n g l y  
and few calves  requ ired  a s s is ta n c e  a f t e r  the two i n i t i a l  in t ro d u c to r y  
t r a i n i n g  per io ds .  Each c a l f  in Group 3 was weaned when i t  was 
approx im ate ly  e ig h t  weeks o l d .
The o v e r a l l  inc idence o f  d ia rrho ea  in Group 3 during the  f i r s t  
28 days o f  l i f e  was low (F igure  6 ) .  One c a l f  (32) mainta ined
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TABLE 13 
GROUP 3
CALF
No.
DAY*
BORN breed''"" SEX
WEIGHT (kg) 2 8 - day
FAECAL
SCORE
48-HOUR*
SA 1 g 
(ZST UNITS)BIRTH 28DAYS GAIN
26 0 A M 4 3 .3 6 6 .8 2 3 .5 2 34
27 0 A F 3 9 .4 51 .3 11 .9 8 23
28 4 A F 30 .8 48 .2 17 .4 4 35
29 4 A M 2 5 .5 3 8 .7 13.2 2 29
30 6 A F 33.1 50 .5 1 7 .4 11 32
31 7 A M 41 .1 52 .3 11.2 4 38
32 7 A M 3 5 .8 4 8 .6 12 .8 0 27
33 8 A M 24.1 3 6 .8 12.7 3 36
34 9 AxF. xF F 25 .3 41 .4 16.1 6 46
35 n AxF F 32 .7 4 4 .5 1 1 .8 2 21
36 11 A M 2 9 .4 4 2 .2 1 2 .8 6 43
37 13 AxF F 3 2 .8 43 .2 1 0 .4 8 25
38 14 A F 3 4 .8 4 5 .9 11.1 9 18
39 15 A M 3 7 .8 50 .0 12.2 22 11
Mean 3 3 .28 4 7 .1 7 13.89 2 9 .8 6
S.D. - 5 .9 5 * 7 . 4 0 t  3 .5 6 - 9.77
Day o f  bi r th  i n r e l a t  Ion to  f i r s t  c a l f born
irk Breed ; A = A y rs h I re ; F = F r ie s i a n ;  H -  Hereford
+ Serum c o n c e n tra t io n  o f  absorbed immunoglobulins a t  48 hours
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FIGURE 6 Group 3: The incidence and s e v e r i t y  of
diarrhoea during the f i r s t  28 days of  l i f e .
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complete ly  normal faeces throughout the  I n i t i a l  28 day per iod and two
o th e r  calves  (26 ,  35) produced s o f t  faeces ( faeca l  score 1) on only
two days.  Only th re e  ca lves  were p ro fu s e ly  d ia r r h o e i c  ( faecal  score 3) 
a t  any t ime during the f i r s t  four  weeks o f  l i f e .  Two o f  the  th re e
calves  (30,  38) were p ro fu s e ly  d ia r r h o e i c  fo r  j u s t  one day.  The t h i r d
c a l f  (39) was p ro fu s e ly  d i a r r h o e i c  ( faeca l  score 3) on the f i f t h  and 
n in th  day of  l i f e  and had a faeca l  score o f  2 on days 6 ,  7, and 8.
There was a wide range in the weights  gained over the f i r s t  
four  weeks of  l i f e  from 9.1 kg (31) to  2 3 .5  kg (26) and the mean weight
gained was 13 .89  -  3 .56  kg.
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GROUP 4
There were U  ca lves  (40-50) in Group 4 ,  born over a 20 day 
per iod  from 6 .7 .7 1  to  2 5 . 7 . 7 1 .  The immediate p o s t -n a ta l  management 
was i d e n t i c a l  to t h a t  descr ibed f o r  Group 3 as f o l lo w s :
A l l  ca lves  were born in loose-boxes .  A f t e r  each c a l f  had 
been weighed and a blood sample c o l l e c t e d  a t  approximate ly  15 minutes  
post -par tum,  each c a l f  was a s s is t e d  to  suckle colostrum to  s a t i a t i o n  
from i t s  own dam. The ca lves  were a l 1 owed to  remain and to  have f r e e  
access to  t h e i r  dams f o r  12 hours.  At 12 hours post-partum an a ttempt  
was made to  encourage each c a l f  to  suckle  a g a in .  Immediately fo l lo w in g  
t h i s  second suck l ing  per iod  the ca lves  were removed to  the  loose-box  
which had been s e le c ted  as the re a r in g  accommodation f o r  a l l  11 c a lv e s .  
Approximately  e ig h t  hours a f t e r  being placed in the  re a r in g  
accommodation each c a l f  was encouraged to  suckle  the  automatic  fe e d e r .
The breeds,  sex,  b i r t h  and 28 -day w e ig h ts ,  28 -day fa eca l
scores and the 48-hour  serum c once ntra t ions  o f  absorbed immunoglobulins
f o r  the 11 ca lves  a re  presented in Table  14. There were s ix  A y rs h i re
c a lv e s ,  one A y r s h i r e x F r i e s ian c a l f ,  th ree  Ayrsh Î re (dam)xHereford ca lves
and one A y r s h i re x F r ie s îa n x H e re fo rd  c a l f .  The male to  female  r a t i o  was
7 : 4 .  The mean b i r t h  weight was 3 3 .65  -  4.31 kg. The mean 28-day
weight  was 4 7 .2 4  -  6 .2 0  kg.  The mean 48-hour  serum c o n c e n t ra t io n  o f
+
absorbed immunoglobulins was 2 8 .3 6  -  9 .1 0  ZST u n i t s .
Again no d i f f i c u l t y  was encountered in teaching the  ca lves  
t o  suckle  the automat ic  feeder  a t  the  two i n i t i a l  in t ro d u c to ry  
t r a i n i n g  per iods .  Each c a l f  was weaned i n d i v i d u a l l y  when i t  v;as 
e ig h t  weeks o ld .
The inc idence of  d ia rrho ea  in Group 4 was a ls o  low (F igure  7) 
but no c a l f  main ta ined  normal faeces throughout the  f i r s t  four  weeks 
o f  l i f e .  Seven o f  the 11 ca lves  were p r o f u s e l y . d i a r r h o e i c  a t  some 
t ime during  the f i r s t  four  weeks, but only  two ca lves  (46,  47) were 
p ro fu s e ly  d i a r r h o e i c  f o r  more than one day. Two ca lves  (40, 41) never  
had “d ia r rh o e a "  g r e a t e r  than faeca l  score 1, al though in c a l f  41 t h i s  
p e rs is te d  from day 5 to  day 12,
ilO
TABLE 14
GROUP 4
CALF
No.
DAY *  
BORN BREED"" SEX
WEIGHT (kg) 28 -DAY
FAECAL
SCORE
48-HOUR 
SA! g 
(ZST UNITS)BIRTH 28DAYS GAIN
40 0 AxH M 36.1 52.3 16.2 2 36
41 2 A M 3 2 .7 48 .2 15 .5 11 12
42 5 AxH F 29.2 4 7 .3 18.1 11 30
43 5 A M 35.1 49.1 14 .0 16 18
44 5 AxF F 34 .0 4 6 .4 1 2 .4 8 22
45 7 A F 2 5 .7 31 .8 6.1 12 25
46 14 AxH M 34 .8 49.1 14.3 19 28
47 16 A M 3 5 .7 49.1 1 3 .4 18 25
48 16 AxEx H F 2 8 ,6 42 .3 13 .7 6 36
49 19 A M 38 .3 4 7 .7 9 . 4 20 40
50 19 A M 40.1 5 6 .4 16 .3 14 40
Mean 33.65 4 7 .2 4 13.58 2 8 .3 6
S. D. *  4.31 -  6 .2 0  ^ 3 .38 t  9 .10
Day o f  b i r t h  in r e l a t i o n  to f i r s t  c a l f  born
* *  Breed: A = A y r s h i r e ;  F = F r ie s ia n ;  H = Hereford
Ch -  C h a ro la is ;  Sh = Shorthorn;  AA = Aberdeen Angus
+ Serum c o ncentra t ion  o f  absorbed immunoglobulins a t  48 hours
l i t
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FIGURE 7 Group 4: The Incidence and s e v e r i t y  of
d iarrhoea during the f i r s t  28 days o f  l i f e .
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The weight gained by in d iv id u a l  calves  during  the f i r s t  four  
weeks was not as high as t h a t  o f  Group 3,  w i th  a minimum o f  6.1 kg 
(45) and a maximum o f  18.1 kg (42) but the mean weight ga ined ,
13 .58  -  3 .3 8  kg, was very  s i m i l a r .
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GROUP 6
There were ten ca lves  (58-67) in Group 6 , born over a 17 day 
per iod  from 12.11.71 to  2 8 . 1 1 . 7 1 ,  A l l  ten calves  were born in lo o se -  
boxes and they were a l l o c a t e d  to  one o f  two d i f f e r e n t  po s t -n a ta l  
management trea tm ents  as f o l lo w s :
F ive  calves  (59,  6 l , 6 3 , 6 5 , 67) were weighed and a blood  
sample c o l le c t e d  a t  15 minutes post-partum.  Then each o f  the f i v e  
calves  was a s s is te d  to  suckle colostrum to  s a t i a t i o n  from i t s  own dam. 
Immediately fo l lo w in g  t h i s  s in g le  feed o f  colostrum the  f i v e  calves  
were removed to  the  loose-box which had been se le c ted  as the re a r in g  
accommodation fo r  a l l  ten c a lv e s .  Approx imately  e ig h t  hours a f t e r  
being placed in the re a r in g  accommodation each o f  the f i v e  calves  was 
encouraged to  suckle the automatic  fe e d er .
The remaining f i v e  calves  (58,  60,  62,  64,  66) were a ls o  
weighed and a blood sample c o l l e c t e d  a t  15 minutes post-partum.  Then 
each of  the f i v e  calves  was a s s is t e d  t o  suckle colostrum to  s a t i a t i o n  
from i t s  own dam. Subsequent to t h i s  s in g le  feed o f  colostrum these  
f i v e  calves  were held in separa te  accommodation and fed whole cow's 
m i l k  f o r  the f i r s t  four  days o f  l i f e  a t  a d a i l y  r a t e  o f  10% bodyweight  
d iv id e d  in to  two equal feeds ,  using a R o s e - M i l l e r  t e a t  f u n n e l .  A f t e r  
t h i s  i n i t i a l  four  day per iod  the f i v e  " m i l k - f e d "  calves  were placed  
in the  re ar in g  accommodation along w i th  the o ther  calves  and encouraged 
t o  suckle  the automatic  feeder  approximate ly  e ig h t  hours l a t e r .
The breeds,  sex,  b i r t h  and 28 -day w e ights ,  28 -day faecal  
scores,  and the  48-hour  serum c oncentra t ions  o f  absorbed immunoglobulins  
f o r  the ten calves  a re  presented in Table  15-  There were four  
A y rs h i re  c a lv es ,  f i v e  A y r s h i r e x F r ie s ia n  calves  and one F r i e s i a n  c a l f .
The male to female r a t i o  was 7 :3 .  The mean b i r t h  weight  was 
32 .62  -  5 .50  kg. The mean 28-day weight was 4 3 .6 6  -  8 .5 4  kg. The 
mean 48-hour serum c o n c e n tra t io n  o f  absorbed immunoglobulins was 
24 .20  t  9 .30  ZST u n i t s .
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TABLE 15 
GROUP 6
CALF
No.
DAY*
BORN BREED" " SEX
WEIGHT (kg) 28-DAY
FAECAL
SCORE
48-HOUR* 
SA 1 g 
(ZST UNITS)BIRTH 28DAYS GAIN
58 0 AxF F 3 4 .8 56.1 2 1 .3 3 22
59 3 AxH F 2 8 .8 4 2 .3 13 .5 16 19
60 5 F M 4 2 .0 56 .3 14 ,3 5 27
61 8 AxF M 4 1 . 4 5 1 .4 10.0 5 23
62 10 A M 3 2 .9 39.5 6 .6 10 13
63 10 A M 2 5 .9 33.2 7.3 14 25
64 10 A M 31.5 44.1 12 .6 11 21
65 16 A M 2 6 .6 37.7 11.1 1 35
66 16 AxF M 30 .5 3 2 .8 2 .3 29 14
67 16 AxF F 31 .8 4 3 .2 11 .4 14 4
Mean 32:62 4 3 .6 6 11 .04 20.30
S.D. t 5 .5 0 - 8 . 5 4 5.12 * 8 . 5 0
* Day o f b i r t h  In r e l a t i o n to  f i r s t  c a l f born
Breed: A -  A y r s h i r e ;  F -  F r i e s i a n ;  H = Hereford
Ch -  C h a r o la is ;  Sh = Shorthorn;  AA = Aberdeen Angus
Serum c o n ce n t ra t io n  o f  absorbed immunoglobulins a t  48 hours
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FIGURE 8 Group 6: The incidence and s e v e r i t y  of
diarrhoea during the f i r s t  28 days o f  l i f e .
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The f i r s t  seven ca lves  were born over an 11 day per iod and 
the  l a s t  th r e e  calves  were born on day 17,  a s ix  day in t e r v a l  between 
c a l f  64 and c a l f  65.  The ca lves  again  learned to  suckle  the  autom at ic  
fe e d e r  q u i c k l y .  A l l  the ca lves  were weaned on the  same day when the  
o ld e s t  c a l f  (58 ) was 55 days o ld  and the  youngest c a l f  (67) was 39 days 
o1 d.
The inc idence o f  d ia r rh o e a  in Group 6 dur ing the f i r s t  28 days 
of  l i f e  was h igher  than in the  f i r s t  two groups (F igure  8 ) .  Two 
calves  (6 0 , 67 ) developed a profuse d ia rrho ea  w i t h i n  18 -24  hours o f  
consuming co lost rum,  but as t h i s  i n i t i a l  d ia rrho ea  la s te d  only  two to  
th re e  s to o ls  a t  the most i t  was d iscounted.  Four ca lves  (59,  62 ,  66,
67) were p ro fu s e ly  d i a r r h o e i c  ( faeca l  score 3) f o r  two or more days.
C a l f  66 was d i a r r h o e i c  ( faeca l  score 2 or  3) from day 5 t o  day 11.
C a l f  65 had s o f t  faeces on one day o n ly  during  the  f i r s t  28 days o f  l i f e .
There was wide in d iv id u a l  v a r i a t i o n  in the weight gains over  
the  f i r s t  four  weeks o f  l i f e  from 2 .3  kg (66) to  2 1 .3  kg (58) w i th  a 
mean o f  1 1 .0 4  -  5 .12  kg.
It. 7
GROUP 7
There were nine ca lves  (68 - 76) in Group 7,  born over a 12 day 
per iod  from 16.12.71  to  2 7 . 1 2 . 7 1 .  A l l  nine calves  were born in lo o s e -  
boxes and they were a l l o c a t e d  to  one o f  two d i f f e r e n t  p o s t -n a ta l  
management t rea tments  as fo l lo w s :
Four calves  (6 9 , 71,  73,  75) were weighed and a blood sample 
c o l l e c t e d  a t  15 minutes post-par tum.  Then each o f  the  four  ca lves  was 
a s s is t e d  to  suckle  colostrum to s a t i a t i o n  from i t s  own dam. Immediate ly  
fo l lo w in g  t h i s  s in g le  feed o f  colostrum the four  calves  were removed to  
the  loose-box which had been se lec ted  as the re a r in g  accommodation f o r  
a l l  nine c a lv e s .  Approximately  e ig h t  hours a f t e r  being placed in the  
r e a r in g  accommodation each o f  the  four  calves  was encouraged to  suckle  
the  automatic  fe e d e r .
The remaining f i v e  calves  (68,  70,  72,  74,  76) were a lso  
weighed and a blood sample c o l l e c t e d  a t  15 minutes post-partum.  Then 
each o f  the f i v e  calves  was a s s is te d  to  suckle colostrum to  s a t i a t i o n  
from i t s  own dam. Subsequent to  t h i s  s in g le  feed o f  colostrum these  
f i v e  calves  were held in separa te  accommodation and fed whole cow’ s 
m i l k  f o r  the f i r s t  fo u r  days o f  l i f e  a t  a d a i l y  r a t e  o f  10% bodyweight  
d iv id e d  in to  two equal feeds ,  using a R o s e - M i l l e r  t e a t  fu n n e l .  A f t e r  
t h i s  i n i t i a l  fo u r  day per iod the  f i v e  " m i l k - f e d "  ca lves  were placed in 
the re a r in g  accommodation along w i th  the o ther  calves  and encouraged to  
suckle  the automatic  feeder  approx im ate ly  e ig h t  hours l a t e r .
The breeds,  sex,  b i r t h  and 28-day w e ig h ts ,  28-day faecal  
scores,  and the  48-hour  serum concentra t ions  o f  absorbed immunoglobulins 
f o r  the nine calves  a re  presented in Table 16. There were f i v e  A y r s h i r e  
c a lv e s ,  two A y r s h i r e x F r ie s i a n  c a lv e s ,  one A y rs h i r e x F r ie s ia n ( d a m )x F r ie s ia n  
c a l f  and one A y r s h i r e x F r ie s ia n x C h a r o la is  c a l f .  The male to  female  
r a t i o  was 6 : 3 .  The mean b i r t h  weight was 3 4 .9 9  -  6 .0 2  kg.  The mean 
28 -day weight 'was 4 4 .3 7  -  6 .1 3  kg. The mean 48-hour  serum 
c o n cen tra t io n  o f  absorbed immunoglobulins was 27 .22  -  11 .17  ZST u n i t s .
The b i r t h s  of  the ca lves  were evenly  spread over the  12 day 
p e r io d .  A l l  the calves  were weaned on the same day when the o ld e s t
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TABLE 16 
GROUP 7
CALF
No.
DAY"
BORN
irk
BREED SEX
WEIGHT (kg) 28-DAY
FAECAL
SCORE
48-HOUR*
SA 1 g 
(ZST UNITS)BIRTH 28DAYS GAIN
68 0 A M 36 .6 50 .5 13 .9 18 23
69 4 A M 40 .5 4 8 .2 7 .7 31 30
70 6 A M 2 7 .9 4 2 ,2 14.3 20 26
71 7 AxRxCh F 37 .5 4 5 .0 7 .5 32 26
72 7 A M 38 .2 49.1 10 .9 15 23
73 9 AxF. X F F 2 9 .8 Died ND ND 5
74 9 A M 27.0 33.1 6.1 17 42
75 10 AxF M 4 4 .7 4 8 .7 4 . 0 30 19
76 11 AxF F 3 2 .7 38.2 5 .5 10 35
Mean 34 .99 4 4 .3 7 8 .7 4 2 5 .4 4
S. D. -  6 .0 2 * 6 . 1 3  - 3 .87 t  10 ,35
Day of  b i r t h  în r e l a t i o n  to  f i r s t  c a l f  born
Breed: A -  A y r s h i r e ;  F = F r i e s i a n ;  H = Hereford
. Ch -  C h a ro la is ;  Sh = Shorthorn;  AA -  Aberdeen Angus
Serum co n ce n tra t io n  o f  absorbed immunoglobulins a t  48 hours
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FIGURE 9 Group 7: The Incidence and s e v e r i t y  o f
d iarrhoea during the f i r s t  28 days o f  l i f e .
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c a l f  (68) was 49 days o ld  and the youngest c a l f  ( 76) was 37 days o ld .
The inc idence o f  d ia rrhoea  in Group 7 was very  high (F igure  9)
Two ca lves  (75,  76) developed a profuse d iarrhoea  w i t h i n  18-24 hours o f  
consuming colostrum. Again t h i s  d ia rrhoea  had a d u ra t io n  o f  two to  
th re e  motions a t  the most.  One c a l f  (71) was p ro fuse ly  d ia r r h o e ic  
( faecal  score 3) on the  second, t h i r d  and fo u r t h  day o f  l i f e .  This was 
extremely  uncommon, as d ia r r h o e a ,  exc lud ing  the p o s t - c o l o s t r a l  d ia r r h o e a ,  
r a r e l y  occurred in any c a l f  be fo re  the  f i f t h  day o f  l i f e .  C a l f  71 was 
a ls o  d ia r r h o e i c  ( faecal  score 2 or 3) f o r  f i v e  days from day 11 to  day 
15 . One c a l f  (69 ) was i n t e r m i t t e n t l y  p ro fus e ly  d ia r r h o e i c  from day 7 to  
day 24.  Only one c a l f  ( 76) was not p ro fus e ly  d i a r r h o e i c  on any day 
during the  f i r s t  28 days o f  l i f e .
There was wide in d iv id u a l  v a r i a t i o n  in the weight gains over
the f i r s t  fo u r  weeks o f  l i f e  from 4 . 0  kg (75) to  14.3  kg (7 0 ) ,  w i th  a
-|-
mean weight  ga in o f  o.%4 -  I «37 kg.
C a l f  73,  an A y r s h i r e x F r ie s i a n x F r i e s i a n  h e i f e r  c a l f  became 
tachypnoeic  (65 /min) and hyperpnoeic when only  30 hours o ld .  A 
tac hyca rd ia  was a ls o  present but no c a rd ia c  murmurs could be detected  
on a u s c u l t a t i o n .  The i n s p i r a t o r y  and e x p i r a t o r y  sounds were very  
harsh but no a d v e n t i t i o u s  sounds were d e t e c t a b le .  The c a l f  remained 
extremely  dul l  and was u n w i l l i n g  or  unable to  suckle the  automatic  
fe e d e r  unless a s s is t e d .  The c a l f  became p ro g re s s iv e ly  dyspnoeic and 
died when f i v e  days o l d .  Post-mortem examinat ion revea led  an e x ten s ive  
exu d a t iv e  i n t e r s t i t i a l  pneumonia w i th  marked c o n s o l id a t io n  o f  both lungs.  
Extens ive  areas o f  suppuration and necros is  were assoc ia ted  w i th  these  
areas o f  c o n s o l id a t io n  and a p l e u r is y  was a ls o  p resen t .  B a c t e r io lo g ic a l  
examinat ion o f  the  lung t i s s u e  revea led  a pure c u l t u r e  o f  Staphylococcus  
pyogenes, I t  is probable  t h a t  t h i s  c a l f  su f fe re d  from an in h a la t i o n  
pneumonia although th e r e  was nothing to  in d ic a te  t h a t  t h i s  may have 
occurred .  The serum c o n ce n tra t io n  o f  absorbed immunoglobulins a t  48 
hours o f  age was 7 ZST u n i t s .
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GROUP 8
There were 14 calves  (82-95)  in Group 8 ,  born over a 13 day 
per iod from 2 5 . 3 . 7 2  to  6 , 4 . 7 2 .  A l l  14 calves were born in loose-boxes  
but f o r  colostrum fe ed ing  the  calves  were a l lo c a t e d  to  one o f  two 
d i f f e r e n t  p o s t -n a ta l  management t rea tments  as fo l lo w s :
Seven ca lves  (82,  83,  84,  8 5 , 8 9 , 91,  95) were weighed and a 
blood sample c o l le c t e d  a t  15 minutes post-partum,  and then each o f  the  
seven calves was a s s is te d  t o  suckle colostrum to s a t i a t i o n  from i t s  own 
dam. Immediately fo l lo w in g  t h i s  s in g le  feed o f  colostrum the calves  
were removed to  the loose-box which had been s e lec ted  as the re a r in g  
accommodation f o r  a l l  14 c a lv e s .
The remaining seven calves  (86,  8 7 , 88,  90,  92,  93,  94) were 
separated from t h e i r  dams a t  15 minutes post-partum when they were 
weighed and a blood sample c o l l e c t e d .  They were then held in s ep a ra te ,  
c lean accommodation u n t i l  approx im ate ly  s ix  hours post-partum when 
they were a l lowed to suckle  1500ml o f  t h e i r  own dam's colostrum from a 
R o s e - M i l l e r  t e a t  fu n n e l .  The colostrum had been mi lked from the  dams 
e i t h e r  by hand or by machine.  Immediate ly a f t e r  t h i s  delayed colostrum  
feed ing  the calves  were placed in the  re a r in g  accommodation along w i th  
the o ther  calves  and encouraged to  suckle the automatic  feeder  
approximate ly  e ig h t  hours l a t e r .
The breeds,  sex,  b i r t h  and 28-day w e ig h ts ,  28-day faecal  
scores,  and the 48-hour  serum concentra t ions  of  absorbed immunoglobulins 
f o r  the 14 calves  a re  presented in Table  17. There were nine A y r s h i r e  
c a lv e s ,  two A y r s h i r e x F r ie s ia n  c a lv e s ,  one A y r s h i r e x F r ie s i a n x F r l e s I a n  
c a l f  and one A y rs h ire x H ere fo rd  c a l f .  The male to  female r a t i o  was 7 :7 .  
The mean b i r th w e ig h t  was 2 9 .5 4  -  3 .3 7  kg. The mean 28-day weight was 
4 1 .4 7  -  5 .1 4  kg. The mean 48-hour  serum c o ncentra t ion  o f  absorbed 
immunoglobulins was 2 6 .29  -  10.80 ZST u n i t s .
With 14 ca lves  born over a 13 day per iod t h i s  group had the  
most compact c a lv in g  p a t t e r n .  A l l  the calves  were weaned on the same 
day when the  o ld e s t  c a l f  (82) was 53 days and the youngest (95) v/as 
41 days o ld .
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TABLE T7 
GROUP 8
CALF
No.
DAY*
BORN BREED'“ ' SEX
WEIGHT (kg) 28-DAY
FAECAL
SCORE
48-H0UR+ 
SA 1 g 
(ZST UNITS)BIRTH 28DAYS GAIN
82 0 AxF M 32.2 5 2 .7 20 .5 11 23
83 1 AxF. xF M 32.5 4 2 .9 1 0 .4 15 43
84 1 A M 2 9 .6 39.2 9 .6 13 39
85 2 AxH F 3 4 .0 4 7 .6 13 .6 9 31
86 2 A M 2 4 .5 3 9 .9 1 5 .4 22 22
87 2 F F 3 0 .0 45.1 15.1 12 24
88 3 A M 3 4 .3  . 4 6 .6 12.3 16 22
89 6 A F 29 .0 3 4 .4 5 . 4 22 45
90 6 A M 2 7 .7 4 1 .3 13 .6 19 15
91 6 A F 26 .0 3 8 .4 1 2 .4 14 24
92 7 A F 31 .2 39 .2 8 .0 12 14
93 9 A F 30 .0 3 8 .7 8 .7 15 18
94 11 AxF F 2 9 .6 4 0 .8 11.2 10 12
95 12 A M 2 2 .9 33 .8 10 .9 23 36
Mean 2 9 .5 4 41 .4 7 11 .94 26 .2 9
S.D. -  3 .3 7 ^ 5 .1 4 *3 .71 t  10.80
Day o f  b i r t h  in r e l a t i o n  to f i r s t  c a l f  born
Breed: A -  A y r s h i r e ;  F = F r i e s i a n ;  H = Hereford
Ch = C h a r o la is ;  Sh = Shorthorn;  AA = Aberdeen Angus
Serum c o ncentra t ion  o f  absorbed immunoglobulins a t  48 hours
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FIGURE 10 Group 8; The Incidence and s e v e r i t y  of
d iarrhoea during the f i r s t  28 days o f  l i f e .
124
The inc idence o f  d ia r rh o ea  over the  f i r s t  28 days o f  l i f e  was 
q u i t e  low (F igure  1 0 ) .  Only nine ca lves  were p ro fu s e ly  d i a r r h o e i c  
( faecal  score 3) and only  f i v e  o f  these were p ro fu s e ly  d i a r r h o e i c  f o r  
two or more days.  Most o f  the  d ia r rh o ea  occurred between f i v e  and 20 
days o f  age,  but c a l f  95 was p ro fu s e ly  d i a r r h o e i c  on day 2 6 , 27 and 2 8 .
The weight gains over the  f i r s t  28 days o f  l i f e  ranged from
5 . 4  kg (89) to  20 .5  kg (82) and the  mean weight  ga in was 1 1 .94  -  3.71 kg.
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GROUP 9
There were ten ca lves  (96-1.03, 105,  106) In Group 9 ,  born 
over a 17 day per iod  from 1 .7 . 7 2  to  1 6 . 7 . 7 2 .  A l l  ten calves  were born 
in loose-boxes but fo r  colostrum feeding  the calves  were a l l o c a t e d  to  
one o f  two p o s t -n a ta l  management t rea tm ents  as f o l lo w s :
F ive  calves  (96,  97» 98,  103,  106) were weighed and a blood 
sample c o l le c t e d  a t  15 minutes post-par tum,  and then each o f  the  f i v e  
calves  was a s s is t e d  to  suckle colostrum to  s a t i a t i o n  from i t s  own dam. 
Immediately f o l lo w in g  t h i s  s in g le  feed o f  colostrum the  calves  were 
removed to  the  loose-box which had been se lec ted  as the re a r in g  
accommodation f o r  a l l  ten ca lv es .
The remaining f i v e  ca lves  (99,  100,  101,  102,  105) were 
separated from t h e i r  dams a t  15 minutes post-partum when they were 
weighed and a blood sample c o l l e c t e d .  They were then held in s ep ara te ,  
c lean accommodation u n t i l  approx im ate ly  s ix  hours post-partum when 
they were a l lowed to  suckle  1500ml o f  t h e i r  own dams' colostrum from a 
R o s e - M i l l e r  t e a t  fu n n e l .  The colostrum had been mi lked from the dams 
e i t h e r  by hand or by machine.  Immediately a f t e r  t h i s  delayed colostrum  
fe ed ing  the ca lves  were placed in the  re a r in g  accommodation along w i th  
the  o th e r  calves  and encouraged to  suckle  the autom at ic  fe eder  
approx im ate ly  e ig h t  hours l a t e r .
The breeds,  sex,  b i r t h  and 28-day w e ig h ts ,  28-day faecal  scores,
and the 48-hour  serum c o n c e n tra t io n s  o f  absorbed immunoglobulins for the
ten calves  a re  presented in Table  18, There were n ine A y r s h i r e  calves
and one A y r s h i r e x F r i e s ian (dam )xFr ie s ian c a l f .  The male to  female r a t i o
was 8 : 2 .  The mean b i r t h  weight  was 3 1 .86  -  3 .3 4  kg. The mean 28-day
weight  was 46 .20  -  7 .7 9  kg.  The mean 48-hour  serum c o n ce n tra t io n  o f
+
absorbed immunoglobulins was 2 2 .10  -  9 .8 9  ZST u n i t s .
The f i r s t  e i g h t  ca lves  were born over a n ine  day p e r io d ,  but 
t h e r e  was an in te r v a l  o f  a week between c a l f  103 and c a l f  105.  A l l  the  
calves  were weaned on the  same day when the  o ld e s t  c a l f  (96) was 51 days 
and the  youngest (106) was 35 days o l d .
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TABLE 18
GROUP 9
CALF
No.
DAY*
BORN breed '"' SEX
WEIGHT (kg) 28-DAY 
FAECAL 
SCORE
48-H0UR+ 
SA 1 g 
(ZST UNITS)BIRTH 28DAYS GAIN
96 0 A M 30 .5 34.1 3 .6 10 23
97 1 A M 31.5 4 3 .7 12 .2 8 19
98 2 A M 3 4 .9 5 6 .4 21 .5 15 20
99 6 A M 3 4 .6 5 3 .9 19 .3 8 8
100 4 A F 2 9 .3 48 .2 18 .9 16 29
101 7 AxF.x F M 37 .5 5 1 .4 13 .9 28 20
102 7 A M 3 0 .9 4 6 . 4 15 .5 39 31
103 8 A M 3 3 .8 5 1 .6 17 .8 15 27
104 13 A F 18.1 NO ND ND 16
105 15 A M 29 .5 4 2 .7 13.2 35 6
106 16 A F 26.1 3 3 .6 7 .5 10 38
Mean 31 .86 46 ,20 14 .34 22 .1 0
S. D. " 3 .3 4 + 7 .7 9 -  5 .56 -  9 .8 9
*  Day of  b i r t h  in r e l a t i o n  to  f i r s t  c a l f  born
* *  Breed: A = A y r s h i r e ;  F = F r i e s i a n ;  H -  Hereford
Ch = C h a r o la is ;  Sh = Shorthorn; AA = Aberdeen Angus
+ Serum c o n c e n t ra t io n  o f  absorbed immunoglobulins a t  48 hours
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FIGURE 11 Group 9: The Incidence and s e v e r i t y  of
d iarrhoea dur ing the f i r s t  28 days o f  l i f e
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The inc idence o f  d ia r rh o ea  f o r  the ten ca lves  is presented in 
F igure  11, P e r s i s t e n t ,  profuse d ia r rh o ea  occurred in two ca lves  (102,  
105 ) .  C a l f  102 was p ro fu s e ly  d i a r r h o e i c  ( faecal  score 3) f o r  s ix  o f  
th e  e ig h t  days between 11 and 18 days o f  age,  and on th e  remaining two 
days the  faecal  score was 2,  Between n ine and 16 days o f  age c a l f  105 
was p ro fu s e ly  d i a r r h o e i c  f o r  seven days and had a fae ca l  score o f  2 on 
the  o th e r  day.  Two calves  (97 ,  105) developed a profuse d ia rrho ea  
18-24  hours a f t e r  the  in g e s t io n  o f  colost rum.
The weight gains over the  f i r s t  28 days o f  l i f e  v a r ie d  from
3 .6  kg (96) to  2 1 .5  kg (98) w i th  a mean o f  1 4 .34  -  1.7& kg. The two 
calves  ( 102 , 105) w i th  th e  most p e r s i s t e n t  d ia rrho ea  gained 15.5  kg (102) 
and 13 .2  kg ( IO 5) r e s p e c t i v e l y  dur ing the  f i r s t  fo u r  weeks o f  l i f e .
Two calves  a re  worthy of  f u r t h e r  ment ion.  C a l f  104 was not  
inc luded in the group, as s h o r t l y  a f t e r  b i r t h  i t s  mother lay  on top o f  
i t  and f r a c t u r e d  I t s  l e f t  femur.  The f r a c t u r e  was re p a i re d  and the  
c a l f  was reared i n d i v i d u a l l y .  Th is  c a l f  is a ls o  i n t e r e s t i n g  in t h a t  
the  ZST va lue  o f  the  p r e c o lo s t r a l  serum sample was 15 u n i t s .  An 
A y r s h i r e  h e i f e r  c a l f  was born on 5 . 7 . 7 2  and would have become c a l f  99 .  
This  c a l f  developed a very p ro fu s e ,  watery  d ia rrho ea  w i t h i n  24 hours of  
b i r t h ,  r a p id ly  c o l laps ed  and died when approximate ly  36 hours o ld .  
Colostrum feeding  had been delayed in t h i s  c a l f ;  i t  was fed 1500 mls 
o f  i t s  dam's colostrum (whey immunoglobulin c o n ce n t ra t io n  6 .9 9  g/ lOOml)  
a t  seven hours post -partum and the  c o n ce n tra t io n  o f  absorbed 
immunoglobulins In a serum sample c o l l e c t e d  a t  24 hours o f  age was 5 ZST 
u n i t s .
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GROUP 10
t h e r e  were 15 ca lves  (107-121) in Group 10,  born over a 22 day 
per iod  from 1 7 .1 2 .7 3  to  7 . 1 . 7 3 .  The 15 calves  were a l l o c a t e d  to  one o f  
th r e e  d i f f e r e n t  p o s t -n a ta l  management treatments  as fo l lo w s :
Subgroup C comprised f i v e  ca lves  (111,  112, 113, 118,  120)
which were born in loose-boxes .  A f t e r  each c a l f  had been weighed and a
blood sample c o l l e c t e d  a t  15 minutes post-partum,  i t  was a s s is te d  to  
suckle  colostrum to  s a t i a t i o n  from i t s  own dam. Subsequent to  t h i s  
s in g le  feed of co lostrum,  these f i v e  calves were immediately removed to  
the  loose-box which had been s e le c te d  as the  re a r in g  accommodation f o r  
a l l  15 c a lv e s .
Subgroup D comprised f i v e  calves  (107,  109,  110,  117,  121)
which were born in loose-boxes and a l lowed to  remain w i th  t h e i r  dams fo r
48 hours.  No a t tem pt  was made to  encourage the  ca lves  to  suckle  or to  
i n t e r f e r e  in any way except  t o  weigh and to  c o l l e c t  blood samples from 
the  calves  a t  15 minutes post -par tum .  A f t e r  48 hours w i th  t h e i r  dams, 
the  ca lves  were removed to  the  re a r in g  accommodation.
Subgroup E comprised f i v e  calves  (108,  114, 115,  116,  119)
each o f  which was born in the  hold ing byre.  A f t e r  each c a l f  had been 
weighed and a blood sample c o l l e c t e d  a t  15 minutes post-partum i t  was 
removed from the byre and held in se p a ra te ,  c lean accommodation u n t i l  
approx im ate ly  e ig h t  hours post -par tum .  At t h i s  t ime i t  was a l lowed to  
suckle  1700ml o f  i t s  dam's colostrum from a R o s e - M i l l e r  t e a t  fu n n e l .
Having been fed colostrum the ca lves  were then placed in the  re a r in g  
accommodation a long w i th  the  o th e r  c a lv es .
A l l  15 ca lves  were encouraged to  suckle the  automat ic  feeder
approx im ate ly  e ig h t  hours a f t e r  being placed in the  re a r in g  accommodation.
The breeds,  sex,  b i r t h  w e ig h ts ,  28 day weights  and the  48-hour  
serum concentra t ions  o f  absorbed immunoglobulins for the 15 calves  o f  
Group 10 a re  presented in Table  19.  There were n ine  A y r s h i r e  c a lv e s ,  
one A y r s h i r e x F r ie s i a n  c a l f ,  two A y r s h i r e x F r ie s ia n ( d a m ) x F r ie s ia n  c a lv e s ,
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TABLE 19
GROUP 10
CALF
No.
SUB-++
GROUP
DAY
BORN
WEIGHT (kg) 28-DAY 
FAECAL 
SCORE
48-HOUR' 
SA I g 
(ZST UNITS)
Yn!
BREED ' SEX B1 RTH 28DAYS GAIN
107 D 0 AxCh F 27 .3 35 .5 8 .2 7 49
108 E 3 A M 2 7 .5 35.3 7 .8 28 10
109 D 3 F M 34.1 38 .7 4 . 6 12 29
110 D 7 A F 31 .4 4 4 .0 12.6 18 14
111 C 8 A F 3 0 .2 37 .3 7.1 10 30
112 C 10 A M 2 7 .5 31 o6 4.1 11 20
113 c 10 A F 30 .0 35.0 5 .0 27 42
114 E 12 A M 3 1 .8 43 .2 1 1 .4 29 27
115 E 14 A M 3 2 .9 Died ND ND 2
116 E 15 A F 3 9 .3 35 .5 - 3 . 8 21 17
117 D 16 AxCh F 4 1 .6 4 8 .6 7 .0 31 27
118 C 17 AxF F 31 .4 Died ND ND 40
119 E 21 AxF.x F M 2 4 .8 Died ND ND 15
120 C 21 AxF. X F F 2 5 .7 DI ed ND ND 17
121 D 21 A M 3 9 .8 4 6 .2 6 . 4 18 24
Mean 3 1 .68 39.17 6 . 4 24 .20
S.D. 5 .1 5 ^ 5 .4 6 ± 4 . 2 ±  12.70
*
•kri
Day of  
Breed :
bi r th  
A
in r e l a t i o n  to  
= Ayrsh Î re ;
f i r s t  c a l f  born 
F = F r i e s i a n ; H = Hereford
Ch = C h a r o la is ;  Sh = Shorthorn; AA = Aberdeen Angus 
+ Serum c o n c e n t ra t io n  o f  absorbed immunoglobulins a t  48 hours 
++ Subgroup based on immediate p o s t -n a ta l  management
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two A y rsh î re x C h aro la îs ca lves  and one F r ie s ia n  c a l f .  The male to
female r a t i o  was 9 : 6 .  The mean b i r t h  weight was 31 .6 8  -  5 .1 6  kg. The
mean 48-hour serum c o n c e n tra t io n  o f  absorbed immunoglobulins was 
+
2 4 .2 0  -  12.70  ZST u n i t s .  The mean values f o r  the th re e  subgroups were,  
subgroup C, 2 9 .80  -  11 ,32  ZST u n i t s ,  subgroup D, 2 8 .60  -  12 .78  ZST u n i t s ,  
subgroup E, 14.20 -  9 .2 0  ZST u n i t s .
The inc idence and s e v e r i t y  o f  d iarrhoea  and the  f a t e  o f  the  
calves  in Group 10 over the ten week per iod from the b i r t h  of  the f i r s t  
c a l f  ( 107) is shown in F igure  12.  The day on which the f i r s t  c a l f  was 
born was taken as day 0 .  The inc idence of  d iarrhoea  among the e ig h t  
calves  born up to  day 14 was n e g l i g i b l e  except f o r  c a l f  IO8 . C a l f  108 
had shown episodes o f  du l ln ess  from th ree  days o f  age but i t s  faeces  
had been o f  normal consistency u n t i l  days 8 and 9 when i t  had a faeca l  
score o f  1.  For the next fo u r  days i t  was p e r s i s t e n t l y  d i a r r h o e i c  
( faeca l  score 2 ) .
The f i r s t  c a l f  to  become s e r io u s ly  i l l  (115) was born on day 
1 4 . On the morning o f  i t s  t h i r d  day o f  l i f e  (day 17) i t  was found to  
be du l l  and had a pro fuse ,  y e l lo w  d iarrhoea  (faeca l  score 3 ) .  This  
profuse d ia rrho ea  p e rs is te d  from day 17 to day 24 ,  and w i th  the  
c o n t in u a t io n  o f  t h i s  severe d ia rrho ea  the c a l f  became weaker,  e v e n t u a l l y  
being ab le  to  suckle  the  automatic  feeder  only  when a s s is t e d .  S o i l i n g  
o f  the  h a i r  under the  chin w i th  s a l i v a  was noted on day 21 and t h i s  
continued u n t i l  death .  By day 22 weight  loss was v i s u a l l y  apparent  
and the  eyes had receded w i t h i n  t h e i r  o r b i t s .  On days 23 and 24 the  
c a l f  was unable to  stand and la y  in s te rna l  recumbency. I t  died on 
the  evening o f  day 24,  aged ten days.  At death the c a l f  weighed only  
24.1 kg,  10 kg less  than i t s  b i r t h  w e ig h t .  During the seven day 
i l l n e s s  the c a l f ' s  r e c t a l  temperatu re  never exceeded 103 .4°F  and blood 
was never seen in the fa e c e s .  At necropsy Salmonel 1 a e n t e r i t i d i s  was 
i s o la t e d  from the l i v e r ,  k idneys ,  spleen and i n t e s t i n e s .
During the  per iod t h a t  c a l f  115 was p ro fu s e ly  d i a r r h o e i c ,  
several  o f  the calves  born be fore  c a l f  115 were a ls o  p ro fu s e ly  d i a r r h o e i c ,  
( faeca l  score 3 ) ,  no tab ly  calves  IO8 , 110 and 114. Of the  calves  born 
a f t e r  c a l f  115,  profuse d ia rrho ea  d id  not develop u n t i l  about fo u r  days 
a f t e r  the  death o f  c a l f  115 (calves 117,  119,  120, 1 2 1 ) .  Between days
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24 and 43 d ia rrho ea  was p re v a le n t  throughout the group, but never more 
than 60 per cent o f  the  ca lves  were d i a r r h o e i c  ( faeca l  score o f  2 o r  3) 
on any one day. D iarrhoea was m ain ly  confined to  the  calves  born
a f t e r  c a l f  115.  A f t e r  day 4 3 ,  the  inc idence o f  d ia rrho ea  decreased
and was confined ma in ly  to  ca lves  108 and 117.  A c a re fu l  d a i l y  
examinat ion o f  each c a l f ' s  faeces f a i l e d  to  reveal  any evidence o f  
dyse nte ry .
A f t e r  the death o f  c a l f  115,  the d a i l y  r e c t a l  temperature  o f  
each c a l f  was recorded and the mean values are  presented in F igure  13 .
On day 35,  11 days a f t e r  the  death o f  c a l f  115 the mean re c t a l
temperature  was 1 0 4 . 9^F and f i v e  calves  had a r e c t a l  temperature  in 
excess of  106°F (ca lves  I 0 9 , 112,  114,  118,  1 1 9 ) .  A l l  14 ca lves  were 
very  d u l l ,  and in a p p e te n t ,  w i th  very l i t t l e  m i l k  s u b s t i t u t e  powder 
being used on day 35» On the  fo l lo w in g  day the  a p p e t i t e  o f  the group 
improved d r a m a t ic a l l y  and a lthough four  calves  had r e c t a l  temperatures  
in excess o f  105°F,  none had a r e c t a l  temperature  above 106°F.
Between day 35 and day 45 a f u r t h e r  fo u r  calves  (112,  118,
1 1 9 , 120) d ie d .  C a l f  112 died on day 45,  aged 35 days; c a l f  118
died on day 43,  aged 26 days; c a l f  119 died on day 39,  aged 18 days;  
c a l f  120 died on day 4 1 ,  aged 20 days.  Although a l l  fo u r  calves  were  
p ro fu s e ly  d i a r r h o e i c  ( faecal  score 3) a t  some t ime dur ing t h e i r  l i f e  
t h i s  was not a c o n s is te n t  c l i n i c a l  f i n d i n g  and only  two (118,  120) 
were p ro fu s e ly  d i a r r h o e i c  on any o f  the  th re e  days p r i o r  to death 
(F igure  1 2 ) .  D iarrhoea was most severe in c a l f  119 which was p ro fu s e ly  
d i a r r h o e i c  on f i v e  days between days 26 and 34 although i t  surv ived
u n t i l  day 39.  The r e c t a l  temperatures o f  these four  calves  were
c o ns iderab ly  h igher  then the  ten ca lves  which survived (F igure  1 3 ) .  
S o i l i n g  o f  the h a i r  under the chin by sl imy s a l i v a  was noted in a l l  
fo u r  c a lv e s .  A l l  showed obvious weight loss and t e r m i n a l l y  they  
became very  l e t h a r g i c ,  spending most o f  t h e i r  t ime l y in g  down. They 
were unable  or u n w i l l i n g  to  suckle  the  automatic  fe e d e r  unless a s s i s t e d .  
On the  l a s t  two days o f  l i f e ,  ca lves  118 and 120 became tachypnoeic  
( r e s p i r a t o r y  r a t e ,  60-90  per m in u te ) ,  had a f re q u e n t  spontaneous cough 
and a b i l a t e r a l  mucopurulent nasal d ischarge .
Fu l l  post-mortem examinat ions  were c a r r i e d  out on ca lves  112,  
118,  119 and 120. The ca lves  were dehydrated and the  contents o f  t h e i r
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l a rg e  and small I n t e s t i n e s  were w a te ry ,  y e l lo w  and f o e t i d .  Dysentery  
was not present .  The mesente r ic  lymph nodes were swollen and 
congested.  The h i s t o l o g i c a l  f in d in g s  were s i m i l a r .  In each th e re  
was an e n t e r i t i s  c h a ra c te r is e d  by necros is  and e rosion  o f  the  sur face  
e p i th e l iu m  w i th  a moderate i n f i l t r a t i o n  of  mononuclear c e l l s ,  
lymphocytes and plasma c e l l s  in the i n t e r s t i t i a l  lamina propr ia  and 
submucosa. N e c ro t ic  fo c i  were present in the submucosa and were a ls o  
found in the mesente r ic  lymph nodes, the l i v e r  and the sp leen.  Three  
of  the  calves  (112,  118 and 120) had an acute exuda t ive  pneumonia.
The ap ica l  and c a rd ia c  lobes o f  the lungs were co n so l id a te d ,  as was the  
a n t e r i o r  border o f  the d iaphragmatic  lobes.  The conso l ida ted  t i s s u e  
was sharply  defined from the normal lung,  deep red, and was o f  g r e a t e r  
volume than normal. On s e c t i o n , i n d i v i d u a l  lobules  were c l e a r l y  
d e l in e a te d  due to  th ic k e n in g  o f  the i n t e r l o b u l a r  septa by oedema f l u i d .  
The cut sur face  o f  c onso l ida ted  lobules  was most ly dark red in colour  
but s ca t te re d  about on the sur face  were r a is e d ,  reddish brown or  
y e l lo w is h  patches which produced a m ott led  e f f e c t .  H i s t o l o g i c a l l y ,  
the  lumina o f  the  a l v e o l i  conta ined oedema f l u i d ,  v a r i a b l e  amounts o f  
f i b r i n ,  b a c t e r ia  and red blood c e l l s .  Groups of  a l v e o l i  packed w i th  
inf lammatory c e l l s  in var ious  stages o f  d i s i n t e g r a t i o n  corresponded to  
the ra ised  y e l lo w is h  patches seen on gross exam inat ion .  The bronchi  
and bronchio les  conta ined  only  a few polymorphs and some c e l l  debr is  
and the  l i n i n g  e p i t h e l i a  were i n t a c t .
Salmonella e n t e r i t i d i s  was is o la t e d  from the i n t e s t i n e s ,  
l i v e r ,  spleen and m esenter ic  lymph node of each f a t a l  case.  Lung 
t i s s u e  from two (112 and 120) o f  the th re e  calves  which had pneumonia 
was c u l tu r e d  and a mixed f l o r a  o f  Gram-posi t ive  and Gram-negative  
c o c c a b a c i l l i  but no sa lmonel lae  were i s o la t e d .  However, S, en te r  i t i d i s  
was recovered from the  bronchia l  lymph node o f  c a l f  112.
The b a c t e r i o l o g i c a l  examinat ion o f  re c ta l  swabs taken tw ice  
weekly was i n s t i t u t e d  a f t e r  the  death o f  c a l f  115. S. e n t e r i t i d i s  was 
i s o la te d  from re c t a l  swabs taken from 13 o f  the remaining 14 ca lves  
during  the  outbreak  but on each sampling day a t  l e a s t  20 per cent o f  
the calves  were negat ive  (Table  2 0 ) .  Eleven o f  the  14 calves  had 
p o s i t i v e  re c t a l  swabs on day 36; ten o f  the 14 ca lves  had p o s i t i v e  
r e c t a l  swabs on day 39; ten o f  12 calves  had p o s i t i v e  re c t a l  swabs on
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day 43 ; e ig h t  o f  ten calves  had p o s i t i v e  re c t a l  swabs on day 46 .  C a l f  
113 had p o s i t i v e  r e c t a l  swabs on days 29 ( f i r s t  sampling d a y ) ,  32,  36,
39, 43 and 46 but was n e gat ive  on every  sampling day a f t e r  t h a t .  This  
c a l f  was p ro fu s e ly  d i a r r h o e i c  on only  two days during i t s  f i r s t  60 days 
o f  l i f e ,  S, e n t e r i t i d i s  was recovered from re c ta l  swabs taken from 
c a l f  107 on o n ly  one occasion (day 43) . The organism was never  
recovered from any o f  the  re c t a l  swabs taken from c a l f  117 a lthough i t  
was one o f  the two ca lves  which were p e r s i s t e n t l y  d i a r r h o e i c .  However 
the  organism was i s o la t e d  from a blood sample taken on day 43 (Table  20) ,
S in g le  p o s i t i v e  r e c t a l  swabs were found on days 50 and 53 and 
t h e r e a f t e r  no p o s i t i v e  r e c t a l  swabs were obta ined d e s p i te  tw ice  weekly  
sampling f o r  a f u r t h e r  f i v e  weeks ( i . e ,  u n t i l  day 87 ) ,  Nine o f  the ten  
s u rv iv in g  calves  were s laughtered  a t  10 months o f  age and a t  t h i s  t ime  
attempts to  recover sa lmonel lae  from the i n t e s t i n e s ,  b i l e  and m esenter ic
lymph nodes proved unsuccessful  .
Swabs taken o f  the loose-box e f f l u e n t  from day 46 onwards 
were p o s i t i v e  on on ly  th re e  occasions (days 46,  53 and 6 0 ) ,  The l a s t  
p o s i t i v e  e f f l u e n t  swab was obta ined one week a f t e r  the l a s t  c a l f  was 
found to  be p o s i t i v e  d e s p i te  sampling f o r  a f u r t h e r  four  weeks and the  
loose-box not being cleaned o u t .
The a g g l u t i n a t i o n  t i t r e s  o f  both the  sera and the c o lo s t r a l  
whey from the 15 cows are  presented in Table 21.  F ive  dams had 
f l a g e l l a r  (H) serum t i t r e s  o f  1 /320  or more a t  the  t ime of p a r t u r i t i o n .  
The h ighest  (1 /1280) occurred in cow 108 which a ls o  had a c o lo s t r a l  whey
f l a g e l l a r  t i t r e  o f  1 /1 2 80 ,  Somatic (O) a g g l u t i n i n  t i t r e s  were much
lower in both the  sera and c o lo s t r a l  wheys o f  the cows. No H or 0 
a g g lu t in in s  were present in any o f  the p re c o lo s t r a l  serum samples of  
the  15 c a lv e s ,  but p o s t - c o lo s t r a l  serum samples from 12 calves  were 
p o s i t i v e  fo r  f l a g e l l a r  a g g l u t i n i n s  and seven p o s t - c o lo s t r a l  samples 
were found to  conta in  0 a g g l u t i n i n s .  The h ighest  f l a g e l l a r  
a g g l u t i n a t io n  t i t r e  (1 /320) was a t t a i n e d  by two ca lves  ( IO 7 and 1 1 9 ) .
The f l a g e l l a r  a g g l u t i n i n  t i t r e s  in the convalescent serum 
samples o f  the calves  a re  presented in Table 22 .  F l a g e l l a r  a g g l u t i n i n s  
were detected  in the  sera o f  only th ree  o f  the s u rv iv in g  ca lves  d e sp i te  
the  recovery  of  S. e n t e r i t i d i s  from e i t h e r  r e c t a l  swabs or blood taken
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TABLE 22
GROUP 10: S. e n t e r i t i d i s  f l a g e l l a r  a g g l u t i n a t io n  t i t r e s  o f
convalescent  serum.
C a l f
No,
Time o f  Sampli ng (days from b i r t h  o f f i r s t  ca I f )
38 45 52 59 66 73 80
107
* — — - - -
108 - — - - - -
109 1/10 1 /160  1/320 1/160 1/160 1/160 1/80
110 - - - - - -
111 - - - " "
112 - 1 /5120 D.
113 - - - - -
114 - -  - - - - -
115 D.
116 - — — 1/80 1/1280 1/640 1/320
117 - — - 1/160 1/20 1 /80 1 /20
118 - D,
119 - Do
120 - D.
121 - “ - “ - _ -
Negative  
D. 112
115
118
119
120
Died day 45 
Died day 24 
Died day 43 
Died day 39 
Died day 41
from a l l  ten c a lv e s .  One c a l f  (112) is worthy o f  f u r t h e r  a t t e n t i o n .  
This c a l f  consumed colostrum w i th  whey t i t r e s  of  1 /40  (H) and 1 /20  (O) 
and i t s  48-hour H and 0 a g g l u t i n i n  t i t r e s  were only  1 /40  and 1 /20  
r e s p e c t i v e l y .  However by 4 5  days o f  age, the day o f  i t s  death ,  c a l f  
112 had an H a g g l u t i n i n  t i t r e  o f  1 /5 1 20 ,  al though i t  had been ne g at ive  
one week e a r l i e r .  This  was the h ighest  va lue  a t t a i n e d  by any c a l f .
41
GROUP n
There were 15 calves  (122-136) în Group 11,  born over a 15 day 
per iod  from 2 8 . 4 , 7 3  to 1 2 . 5 . 7 3 .  The 15 calves  were a l l o c a t e d  one o f  
th re e  d i f f e r e n t  p o s t -n a ta l  management t rea tm ents  as fo l lo w s :
Subgroup C comprised f i v e  calves  (125,  1 2 9 , 133,  134,  135) 
which were born in loose-boxes .  A f t e r  each c a l f  had been weighed and 
a blood sample c o l l e c t e d  a t  15 minutes post-partum,  I t  was a s s is te d  to  
suckle  colostrum t o  s a t i a t i o n  from i t s  own dam. Subsequent to  t h i s  
s in g le  feed o f  co lostrum,  these f i v e  calves  were removed to the lo o s e -  
box which had been se le c te d  as the  re a r in g  accommodation f o r  a l l  15 
c a lv e s .
Subgroup D comprised f i v e  ca lves  (122,  123,  124,  130, 132) 
which were born in loose-boxes and a l lowed to  remain w i th  t h e i r  dams f o r  
48 hours.  No attempt was made t o  encourage the ca lves  t o  suckle  or  to  
i n t e r f e r e  in any way except to  weigh and to  c o l l e c t  blood samples from 
the ca lves  a t  15 minutes post partum. A f t e r  48 hours w i th  t h e i r  dams 
the ca lves  were removed to  the r e a r in g  accommodation.
Subgroup E comprised f i v e  ca lves  (126,  127,  128,  131, 136) 
each o f  which was born in the  hold ing byre.  A f t e r  each c a l f  had been 
weighed and a blood sample c o l l e c t e d  a t  15 minutes post-partum i t  was 
removed from the byre and held in s ep a ra te ,  clean accommodation u n t i l  
approx im ate ly  e ig h t  hours post -par tum .  At t h i s  t ime i t  was a l lowed to  
suckle  1700ml o f  i t s  own dam's colostrum from a R o s e - M i l l e r  t e a t  fu n n e l .  
Having been fed colostrum the  calves  were then placed in the  re a r in g  
accommodation along w i th  the  o th e r  c a lv es .
A l l  15 ca lves  were encouraged to  suckle  the automatic  feed er  
approx im ate ly  e ig h t  hours a f t e r  being placed in the re a r in g  accommodation,
The breeds,  sex,  b i r t h  and 28-day w e ig h ts ,  28-day faeca l  scores ,  
and the  48-hour  serum c o n ce n tra t io n s  o f  absorbed immunoglobulins f o r  the  
15 ca lves  are  presented in Table  23.  in t h i s  group th e re  were ten calves  
s i r e d  by beef  b u l l s ,  s i x  by a Hereford  b u l l ,  two by an Aberdeen-Angus 
bu l l  and one by a Shorthorn b u l l .  There were on ly  f i v e  A y r s h i r e ,
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TABLE 23 
GROUP n
CALF
NO.
++
SUB­
GROUP
DAY*
BORN
WEIGHT (kg) 28-DAY
FAECAL
SCORE
48-HOUR 
SAIg 
(ZST UNITS)BREED^"' SEX- BIRTH 28DAYS GAIN
122 D 0 AxH M 4 2 .0 62 .2 2 0 .2 4 35
123 D 2 AxE X  F M 36 .8 5 0 .4 1 3 .6 1 1
124 D 6 AxSh F 34 .0 53.1 19.1 14 24
125 C 6 F M 3 0 .6 4 0 .8 10.2 1 32
126 E 7 F M 29.5 4 5 .0 15.5 5 23
127 E 8 AxH F 29.1 39 .9 10 .8 4 22
128 E 9 AxH F 3 5 .6 50 .6 15 .0 7 17
129 C 9 AxAA F 2 9 .3 39 .2 9 .9 7 28
1 30 D 10 FxAA F 34.6 4 1 .9 7 .3 16 22
131 E 11 A F 27 .2 4 2 .7 15 .5 25 18
132 D 12 FxAA M 2 9 .7 37 .2 7 .5 17 23
133 C 12 AxF, xF M 36.5 43.1 6 .6 4 23
134 C 13 FxH F 31 .4 41 .3 9 .9 16 26
135 C 14 AxH M 4 0 .3 48.1 7 .8 12 44
136 E 14 FxH M 3 8 .9 4 7 .7 8 .8 10 19
Mean 33.70 4 5 .5 4 11.85 23 .80
S.D. t  4 .5 7 - 6 . 5 7 ^ 4 .3 6 ^ 9 .4 7
* Day of bi r th in r e l a t i o n  to f i r s t  c a l f  born
* * Breed; ' A “  Ayrsh i  re ; F = F r i e s i a n ; H = !Hereford
Ch = C h a r o la is ;  Sh = Shorthorn;  AA = Aberdeen Angus 
+ Serum c o ncentra t ion  of  absorbed immunoglobulins a t  48 hours 
++ Subgroup based on immediate p o s t -n a ta l  management
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FIGURE 14 Group 11: The Incidence and s e v e r i t y  of
d iarrhoea during the f i r s t  28 days of  l i f e ,
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F r i e s i a n  or A y r s h i r e x F r ie s ia n  c a lv es .  The male to  female r a t i o  was 8 :7
+The mean b i r t h  weight  was 33.70  -  4 .5 7  kg. The mean 28-day weight was 
4 5 .5 4  -  6 .5 7  kg. The mean 48-hour  serum concentra t ion  o f  absorbed 
immunoglobulIns was 23 .80  -  9 .4 7  ZST u n i t s .  The mean values f o r  the  
th re e  subgroups of calves  were,  subgroup C, 30.60 -  8 .1 7  ZST u n i t s ,  
subgroup D, 21 .00  t  12 .35  ZST u n i t s ,  subgroup E, 19 .80 -  2 .5 9  ZST u n i t s .
The ca lv in g  p a t te r n  in t h i s  group was a lso  very compact. A l l  
the  calves were weaned on the same day when the o ld e s t  c a l f  (122) was 
48 days old and the  youngest c a l f  (136) was 34 days o ld .
The incidence of  d ia rrho ea  during the  f i r s t  28 days o f  l i f e
f o r  each c a l f  is presented in F igure  14, Four calves  were p ro fu s e ly
d ia r r h o e ic  during the  f i r s t  four  days and one, c a l f  130,  had a faecal  
score of  2 on day 2 and 3 on days 3 and 4 .  T h e r e a f t e r  i t s  maximum 
d a i l y  faecal  score was 1 on e ig h t  o f  24 days.  C a l f  123 (subgroup D) 
which had a serum c o n ce n tra t io n  o f  absorbed immunoglobulins o f  1 ZST 
u n i t  a t  48 hours o f  age had a maximum faeca l  score o f  1 and th a t  only  on 
day 22.
The weight  gains over the f i r s t  28 days o f  l i f e  v a r ie d  from
6 .6  kg (133) to  20 ,2  kg (122) w i th  a mean of  11.85 -  4 . 3 6  kg.
145 .
GROUP 12
There were 15 ca lves  (137-151) in Group 12 born over  a 31 day 
per iod  from 2 6 . 6 . 7 3  to  2 6 . 7 . 7 3 .  The 15 calves  were a l l o c a t e d  to  one of
th r e e  d i f f e r e n t  p o s t -n a ta l  management t rea tments  as fo l lo w s :
Subgroup C comprised f i v e  calves  ( l 4 l ,  142,  144, 147, 148) 
which were born in loose-boxes .  A f t e r  each c a l f  had been weighed and 
a blood sample c o l l e c t e d  a t  15 minutes post -par tum,  i t  was a s s is te d  to  
suckle  colostrum to s a t i a t i o n  from i t s  own dam. Subsequent to  t h i s  
s in g le  feed o f  colostrum,  these f i v e  calves  were removed to  the loose-box  
which had been se lec ted  as the r e a r in g  accommodation fo r  a l l  15 c a lv e s .
Subgroup D comprised f i v e  calves  (137,  138,  139,  143,  146) 
which were born in loose-boxes and a l lowed to  remain w i th  t h e i r  dams fo r  
48 hours.  No attempt was made to  encourage the calves  to  suckle or to  
i n t e r f e r e  in any way except t o  weigh and to  c o l l e c t  blood samples from 
the calves  a t  15 minutes post -par tum.  A f t e r  48 hours w i th  t h e i r  dams 
the  ca lves  were removed to  the re a r in g  accommodation.
Subgroup E comprised f i v e  calves  (140,  145,  149,  150,  151) 
which were born in a byre .  A f t e r  each c a l f  had been weighed and a 
blood sample c o l l e c t e d  a t  15 minutes post-partum i t  was removed from 
the byre and held in s ep a ra te ,  c lean  accommodation u n t i l  approx im ate ly  
e ig h t  hours post-par tum.  At t h i s  t ime i t  was a l lowed to suckle 1700ml 
o f  i t s  own dam's colostrum from a R o s e - M i l l e r  t e a t  fu n n e l .  Having 
been fed colostrum the  ca lves  were then placed in the rear in g  
accommodation.
A l l  15 ca lves  were encouraged to  suckle the  automatic  feeder  
approx im ate ly  e ig h t  hours a f t e r  being placed in the  re a r in g  
accommodation.
The breeds,  sex, b i r t h  and 28-day w e ig h ts ,  28-day faeca l  
scores ,  and the 48-hour  serum c once ntra t ions  o f  absorbed immunoglobulins  
f o r  the  15 ca lves  a re  presented In Table  24* There were two A y rsh i re  
c a lv e s ,  th re e  F r i e s i a n  cadves, th re e  A y r s h i r e x F r ie s ia n  c a lv e s ,  th re e  
A y r s h i r e x F r ie s ia n ( d a m ) x F r ie s ia n  calves  and four  ca lves  s i r e d  by a
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TABLE 24
GROUP 12
CALF
No.
SUB-**
GROUP
DAY*
BORN BREED'^' SEX
WEIGHT (kg) 28-DAY
FAECAL
SCORE
48-H0UR+ 
SA 1 g 
(ZST UNITS)BIRTH 2.8DAYS GAIN
137 D 0 AxH F 3 5 .4 47 .0 11 .6 0 24
138 . D 0 FxH F 4 2 .7 56 .3 13 .6 14 13
139 D 5 F M 34.2 4 7 .3 13.1 4 6
140 E 6 F M 3 2 .7 4 6 .8 14.1 6 12
141 C 11 AxF M 32.5 51 .2 18 .7 11 16
142 C 12 FxH F 30.1 4 5 .8 15 .7 6 38
143 D 14 A M 37.0 4 5 .0 12 .0 8 15
144 C 15 AxF F 27 .0 39 .9 12 .9 20 11
145 E 17 AxF.xF M 2 8 .8 39.0 10.2 41 26
146 D .19 AxF, xF F 35 .5 4 9 .6 14.1 13 27
147 C 19 . AxF M 3 6 .6 53.2 16 ,6 3 28
148 C 25* AxH F 3 2 .3 4 3 .7 11 .4 15 27
149 E 26 A M 31 .8 4 2 .7 10 .9 16 12
150 E 29 AxF.x F M 33.2 4 4 .6 11 .4 36 3
151 ' E 30 F M 2 8 .4 2 6 .4 - 2 . 0 48 2
Mean - 33.21 45.23 12,29 17.33
S.D. t  3 .98 ^ 6 .9 7 t 4 . 5 8 t  1 0 .4 9
++
Day o f  b i r t h  în r e l a t i o n  to  f i r s t  c a l f  born
Breed: A . -  A y r s h i r e ;  F = F r i e s i a n ;  H = Hereford
Ch = C h a ro la is ;  Sh -  Shorthorn;  AA = Aberdeen Angus
Serum concentra t ion  o f  absorbed immunoglobulins a t  48 hours
Subgroup based on immediate p o s t -n a ta l  management
14?
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FIGURE 15 Group 12: The incidence and s e v e r i t y  of
d iarrhoea during the f i r s t  28 days o f  l i f e ,
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Hereford  b u l l .  The male to  female  r a t i o  was 9 : 6 .  The mean b i r t h  
weight was 33.21 -  3 .9 8  kg and the mean 28 -day weight  was 4 5 .2 3  ^  6 .9 7
kg. The mean 48-hour  serum co n ce n t ra t io n  o f  absorbed immunoglobulins
+was 17.33 -  10 .4 9  ZST u n i t s .  This va lue  was s i g n i f i c a n t l y  lower than  
the  mean va lue  obta ined f o r  Groups 3 and 4 (p 0 ,01 )  but not f o r  any 
o f  the o ther  groups. The mean values f o r  the th r e e  subgroups of  
calves  were ,  subgroup C, 24 ,00  ^  10,65 ZST u n i t s ,  subgroup D,
17 .00  -  8.51 ZST u n i t s ,  subgroup E , 11 .00 -  9 .6 4  ZST u n i t s .
The c a lv in g  p a t t e r n  in t h i s  group was very wide and i t  took
over four  week’s to  assemble the 15 c a lves .  Because o f  t h i s  the  ca lves  
were weaned in four  l o t s  when the ca lves  were between 44 and 52 days of  
age.
The inc idence o f  d ia r rh o ea  during  28 days o f  l i f e  f o r  each 
c a l f  is presented in F igure  15.  Two ca lves  (145,  151) in t h i s  group 
had the  h ighest 28 day faeca l  scores of  a l l  the group reared ca lves  and
four  o f  the ca lves  (144,  145,  150,  151) had p e r s i s t e n t ,  profuse
d ia r r h o e a .  C a l f  144 was p ro fu s e ly  d ia r r h o e ic  ( faeca l  score 3) from 
e ig h t  to  11 days o f  age.  Between f i v e  and 18 days of  age,  c a l f  145 
had a faecal  score o f  3 on ten days and faeca l  score o f  2 on fo u r  days.  
C a l f  150 was p ro fu s e ly  d i a r r h o e i c  ( faecal  score 3) on s ix  consecutive  
days between f i v e  and ten days o f  age.  During the  f i r s t  28 days o f  
l i f e  c a l f  151 had a faeca l  scor.e o f  3 on ten days and a faeca l  score of  
2 on s ix  days.  This c a l f  cont inued to  be i n t e r m i t t e n t l y ,  p ro fu s e ly  
d i a r r h o e i c  f o r  a f u r t h e r  13 days, when i t  died aged 41 days.  At  
post-mortem examinat ion the  carcase was emaciated; s l i g h t  a s c i t e s  was 
p re s e n t ;  the l i v e r  showed gross evidence of f a t t y  degenera tion  and 
th e re  was congest ion o f  the lungs.  No sa lmonel lae  spp, were i s o l a t e d .  
The c o n cen tra t io n  o f  absorbed immunoglobulins a t  48 hours o f  age had 
been 3 ZST u n i t s .
In t h i s  group the range o f  weight gains over the f i r s t  28
days were very wide from a loss o f  2 .0  kg (151) to  a gain o f  18 .7  kg
(1 4 1 ) ,  The th re e  o th e r  ca lves  which had been p e r s i s t e n t l y  d i a r r h o e i c ,
144,  145,  150 gained 1 2 . 9 ,  1 0 .2 ,  and 1 1 ,4  kg r e s p e c t i v e l y .  The mean
+
weight gained dur ing the  f i r s t  28 days was 12 .29  -  4 . 5 8  kg.
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1» The r e l a t i o n s h i p  b e tw een  t h e  i n c i d e n c e  o f  d i a r r h o e a  and age
d u r i n g  t h e  f i r s t  f o u r  weeks o f  l i f e *
From examinat ion o f  F igures  6 , 7,  8 , 9 , 10,  1 1 , l i f ,  1 5 
i l l u s t r a t i n g  the  inc idence and s e v e r i t y  o f  d ia rrho ea  i t  can be seen 
th a t  very  few calves  were d i a r r h o e i c  during  the  f i r s t  four  days o f  
l i f e ,  but t h a t  both the  prevalence and the s e v e r i t y  increased  
t h e r e a f t e r  and appeared to  be maximal dur ing the  second week o f  l i f e .
I t  a ls o  appeared t h a t  those ca lves  born towards the  end o f  a group 
were more d i a r r h o e i c  than e a r l i e r  born c a lv es .  Both these possib le  
v a r i a b l e s  were analysed f o r  e ig h t  groups o f  ca lves  (Groups 3,  4 ,  6 , 7,  
8 , 9 ,  I l f  12) using the  Friedman two-way a n a ly s is  ( S i e g e l ,  1956 ) ,
The inc idence o f  marked d ia rrho ea  (faeca l  score 2 or 3) per c a l f  dur ing  
the f i r s t  four  weeks o f  l i f e  v a r ie d  between the groups (excluding  
Group 10 and c a l f  73) from 1 ,7  days d ia rrho ea  per c a l f  f o r  the 14 
calves  o f  Group 3 to  6 ,3  days d ia r rh o ea  per c a l f  f o r  the  e ig h t  ca lves  
o f  Group 7o The mean inc idence o f  d ia rrho ea  in the 97 group-reared  
calves  dur ing the  f i r s t  fo u r  weeks o f  l i f e  was 3 .7  days per c a l f .
To compute the  a n a ly s is  the  calves  o f  each group were 
d iv id e d  in to  blocks o f  two or th re e  ca lves  in r e l a t i o n  to  t h e i r  
chrono log ica l  e n t ry  to  the re a r in g  accommodation. The f i r s t  28 days 
o f  l i f e  were d iv id e d  i n t o  fo u r  seven-day b locks .  The d a i l y  faeca l  
score o f  each c a l f  f o r  each o f  the  seven days was summed and added 
t o  the  seven-day b lock  scores o f  the o ther  calves  w i t h i n  the  b lock  
to  g iv e  a t o t a l  seven-day fa eca l  score f o r  each block  o f  two or  th re e  
c a lv e s .
In each o f  the e ig h t  groups analysed,  the h ighest  seven-day  
faeca l  score occurred from day 8 to  day 14,  i . e .  dur ing the second 
week o f  l i f e .  However, in seven o f  the e ig h t  groups the seven-day  
faeca l  score during  the  second week o f  l i f e  was not s i g n i f i c a n t l y  
d i f f e r e n t  from the seven-day fa eca l  scores o f  the th re e  o th e r  seven-  
day b locks ,  i . e .  the f i r s t ,  t h i r d  or fo u r t h  week o f  l i f e .  In the  
remaining group (Group 12,  ca lves  137-151) the seven-day fa eca l  score  
during the second week o f  l i f e  was s i g n i f i c a n t l y  g r e a t e r  than in any 
o f  the o th e r  th re e  weeks ( 0 . 0 2 > p > 0 . 0 1 ) ,  For the e ig h t  ca lves  o f
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Group 7 the seven-day faeca l  scores o f  weeks two and th re e  were much 
g r e a t e r  than those o f  weeks one and f o u r ,  and almost approached 
s t a t i s t i c a l  s ig n i f i c a n c e  (0 . 0 5 > p> 0 , 0 2 ) .
in four  o f  the  e ig h t  groups (Groups 7,  8,  9 ,  1 2 ) ,  the second 
h ighest  seven-day faecal  score occurred from day 15 to  21 ,  i . e .  the  
t h i r d  week of  l i f e .  The second h ighest seven-day faecal  score  
occurred during  the  f i r s t  week o f  l i f e  in Groups 4 and 6 and dur ing  
the  f o u r t h  week o f  l i f e  in Group 3.  In the remaining group, Group 
1 1 , the  h ighest  seven-day fa eca l  score occurred dur ing the second 
week o f  l i f e ,  but weeks one and four  had the equal second h ighest  
seven-day fa eca l  score .  Group 11 had however a very  1ow inc idence  
of  d ia rrho ea  o v e r a l l .
There was some evidence t h a t , f o r  those ca lves  born e a r l y  in 
the  fo rm at ion  o f  a group, the  t ime o f  maximum preva lence  o f  d ia rrho ea  
could be de layed.  In Groups 6 and 7,  the h ighest  seven-day faecal  
score o f  the f i r s t  b lock o f  ca lves  born (ca lves 5 8 , 59 in Group 6;  
calves  68,  69 in Group 7)» occurred during  the t h i r d  week o f  l i f e ,  
in Group 9 the h ighest  seven-day faecal  score o f  the  f i r s t  b lock o f  
calves  (ca lves  96,  97) occurred during  the  fo u r th  week o f  l i f e .
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2.  The r e l a t i o n s h i p  between the  incidence o f  d ia rrho ea  during  
the  f i r s t  fo u r  weeks o f  l i f e  and t ime o f  e n t ry  t o  
the r e a r in g  accommodation.
The impression was gained when the calves  were being examined 
d a i l y ,  t h a t  not on ly  the preva lence but a ls o  the s e v e r i t y  o f  d ia rrhoea  
was much more marked in those calves  born towards the end o f  a group.  
However, the l a s t  block o f  ca lves  had the h ighest 28-day faecal  scores  
In only  f i v e  of  the e ig h t  groups o f  calves  (Groups 3 ,  4 ,  6 ,  11,  1 2 ) .
In the  remaining th re e  groups o f  calves  (Groups 7, 8,  9) o the r  blocks  
o f  calves had the  h ighest  28-day faeca l  scores; in Group 7, the  
second o f  the fo ur  p a i rs  o f  calves  (ca lves 70 , 71) had the h ighest  
28-day faeca l  score fo l low ed  by the f i r s t  p a i r  (calves 68,  6 9 ) ;  in 
Group 8,  the t h i r d  o f  the  f i v e  blocks o f  calves  (ca lves 88,  89,  90) 
had the h ighest  28-day faeca l  score; in Group 9 the fo u r th  o f  the f i v e  
blocks o f  calves (calves 102,  103) had the h ighest  28-day faecal  score  
fo l low ed  by the  l a s t  p a i r  o f  calves  (ca lves 105, 1 0 6 ) .  C onve rse ly ,  
the  f i r s t  blocks o f  calves  had the lowest 28-day faeca l  scores in only  
fo u r  of  the e ig h t  groups o f  calves  (Groups 4 ,  6 ,  9,  1 1 ) .
S t a t i s t i c a l  examinat ion by the Friedman two-way a n a ly s is  
revea led  t h a t  a s i g n i f i c a n t  d i f f e r e n c e  between the blocks o f  calves  
w i t h i n  each re a r in g  group only  occurred in Group 12 (calves 137-151 ,  
0 . 0 2 >  p > 0 ,01)  . But even in t h i s  group although the  l a s t  block of  
calves  added to  the re a r in g  accommodation (ca lves 149,  150, 151) had 
the h ighest 28-day faecal  score ,  the t h i r d  block o f  calves  (ca lves  143,  
144,  145) had the  second h ighest  28-day faecal  score.
In Group 11,  the  28-day faecal  scores increased from the  
f i r s t  block o f  th ree  ca lves  through to  the l a s t  block o f  th re e  c a lv e s ,  
but th e re  was no s i g n i f i c a n t  d i f f e r e n c e  between the  blocks o f  c a lv es .
In Group 7, c a l f  75,  which to g e th e r  w i th  c a l f  72 formed the t h i r d  
block o f  the group, s u f fe re d  a prolonged per iod o f  profuse d ia rrho ea  
(F igure  9 ) ,  but the second block o f  calves  (70,  71) had the h ighest  
combined 28-day faeca l  score.  T h e . l a s t  block  in t h i s  group (ca lves  
74,  76) In f a c t  had the  lowest 28-day faecal  score.
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3.  • The r e l a t i o n s h i p  between the incidence of  d ia rrhoea  dur ing
the f i r s t  four  weeks o f  l i f e  and the serum c o n c e n t ra t io n  
o f  absorbed immunoglobulins.
The c o r r e l a t i o n  between the  absorbed serum immunoglobulin 
c o n ce n tra t io n  and the inc idence o f  d ia rrho ea  during  the  f i r s t  28 days 
o f  l i f e  was examined using Spearman's ranked c o r r e l a t i o n .  To compute 
the  a n a l y s i s ,  the in d iv id u a l  d a i l y  fa eca l  scores of  each c a l f  over the  
f i r s t  fo ur  weeks o f  l i f e  were summed to  g iv e  the 28-day t o t a l  f o r  t h a t  
c a l f  and compared w i th  i t s  serum co n cen tra t io n  o f  absorbed 
immunoglobulins a t  48 hours o f  age.
E igh t  o f  the  97 ca lves  In the e ig h t  groups (Groups 3,  4 ,  6 ,
7,  8 ,  9 ,  11,  12) ana lysed had 28-day faeca l  scores o f  30 or above.  
Three o f  these ,  105 (Group 9 ) ,  150,  151 (Group 1 2 ) ,  which had 28-day  
faeca l  scores o f  35,  36 and 48 r e s p e c t iv e ly ,  had 48-hour  serum 
concen tra t io n s  o f  absorbed immunoglobulins o f  6,  3 and 2 ZST u n i ts  
r e s p e c t i v e l y .  In contrast . ,  the o the r  f i v e  c a lv e s ,  69,  71 and 75 
(Group 7 ) ,  102 (Group 9) a n d . 145 (Group 12) which had 28 -day faecal  
scores o f  31,  3 2 , 3 0 , 39 and 41 r e s p e c t i v e l y ,  had 48-hour  serum 
co n ce n tra t io n s  of  absorbed immunoglobulins o f  30 , 26,  19,  31 and 26 
ZST u n i t s .  D ia rrhoea  was not an i n e v i t a b l e  sequel to low ZST v a lues ;  
c a l f  123 (Group 11) which had a 48-hour  serum c o n c e n t ra t io n  of
absorbed immunoglobulins o f  on ly  1 ZST u n i t ,  had a t o t a l  28-day faecal
score o f  1; dur ing the f i r s t  28 days o f  l i f e ,  the consistency o f  the  
faeces on 27 days was considered to  be normal and on j u s t  one day,  
day 22,  the  faeces were given a score o f  1 (F igure  1 4 ) .
The r e s u l t s  f o r  each o f  the e ig h t  groups were analysed  
s e p a r a t e ly ,  but no s i g n i f i c a n t  c o r r e l a t i o n  was found to  e x i s t  between 
the t o t a l  fa eca l  score f o r  the f i r s t  28 days o f  l i f e  and the  
co n c e n t ra t io n  o f  absorbed serum immunoglobulins a t  48 hours o f  age.
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4 ,  The r e l a t i o n s h i p  be tw e en  t h e  i n c i d e n c e  o f  d i a r r h o e a  and 1 i v e w e l g h t
g a i n  d u r i n g  t h e  f i r s t  f o u r  weeks o f  l i f e .
The d i f f e r e n c e  between the b i r t h  weight o f  in d iv id u a l  ca lves  
and t h e i r  weight a t  28 days o f  age v a r ie d  c ons iderab ly  from a loss o f  
2 kg ( c a l f  151) to  a maximum gain  o f  2 3 .5  kg ( c a l f  2 6 ) .  There were  
a ls o  v a r i a t i o n s  between the  groups in the mean l i v e w e ig h t  gains over  
the f i r s t  28 days o f  1 i f e  from 8 .7 4  -  3 .8 7  kg (Group 7) to  14 .3 4  -  5 .5 6  
kg (Group 9 ) .  The mean l i v e w e ig h t  gain  f o r  the 97 group-reared  calves  
in Groups 3,  4 ,  6 ,  7,  8 ,  9 ,  11,  12,  over the f i r s t  28 days o f  l i f e  was 
1 2 .28  -  4 .4 0  kg. The in d iv id u a l  weekly weights and the l i v e w e ig h t  
gains to  28 days, weaning and 12 weeks a re  given in Appendix 3.
The r e l a t i o n s h i p  between the 28-day faeca l  score and weight  
gain  dur ing the f i r s t  28 days o f  l i f e  fo r  each c a l f  was examined by 
Spearman's ranked c o r r e l a t i o n .  No s i g n i f i c a n t  c o r r e l a t i o n  e x is te d  
between the gain  in weight over the f i r s t  28 days o f  l i f e  and the  2 8 -  
day fa eca l  score in seven o f  the e ig h t  groups o f  c a lv e s .  However a 
ne g a t iv e  c o r r e l a t i o n  was found to  e x i s t  between the 28-day weight and 
the  28-day faecal  score f o r  the  15 ca lves  o f  Group 12 ( p < 0 . 0 5 ) .  
Although Group 7 had the  h ighes t  incidence o f  d ia rrhoea  (6 .3  days per 
c a l f )  and the lowest mean l i v e w e ig h t  gain  (8 .7 4  - 3 .8 7  kg) o f  the  
e ig h t  groups th e re  was no s t a t i s t i c a l  c o r r e l a t i o n  between the 28-day  
fae ca l  scores and the l i v e w e ig h t  gains o f  the in d iv id u a l  c a lv e s .  The 
weight  gained or lo s t  dur ing each of  the in d iv id u a l  weeks in the f i r s t  
four  weeks o f  l i f e  was compared w i th  the weekly faecal  score fo r  the  
14 ca lves  o f  Group 8 ,  but again  th e re  was no s i g n i f i c a n t  c o r r e l a t i o n  
determined.
The loss o f  weight or the  f a i l u r e  to  gain weight  on ly  
occurred when d ia r rh o ea  was c o n t i n u a l l y  profuse (faecal  score 3) over  
a per iod o f  days.  This is best e x e m p l i f i e d  by c a l f  151 (Group 12) 
which was i n t e r m i t t e n t l y  p ro fu s e ly  d i a r r h o e i c  from f i v e  days o f  age.
I t s  b i r t h  weight was 2 8 .4  kg,  but i t s  weight  a t  28 days o f  age was 
only  2 6 .4  kg,  a loss o f  2 kg.
Several  o th e r  ca lves  had poor weight gains which could be 
r e la t e d  to  episodes o f  d ia r rh o ea  over the f i r s t  four  weeks o f  l i f e .
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C a l f  66 (Group 6) had lo s t  2 .3  kg o f  i t s  b i r t h  weight by 11 days of  
age, having been d i a r r h o e i c  ( faecal  score 2 fo r  4 days and faecal  score  
3 f o r  3 days, F igure  8 )  from f i v e  to  11 days o f  age and a t  28 days o f  
age i t  had only  gained 2 .3  kg over i t s  b i r t h  w e igh t .
C a l f  75 (Group 7) gained only  4 ,0  kg over  the  f i r s t  28 days 
o f  l i f e ,  but from fo u r  to  11 days -of age i t  l o s t  2 .7  kg,  having had 
d iarrho ea  f o r  f i v e  o f  the seven days ( faecal  score 2 fo r  2 days and 
faeca l  score 3 f o r  3 days. F ig u re  9 ) .  During the  fo l lo w in g  week
d e s p i te  having d ia rrho ea  f o r  s ix  days (faecal  score 2 f o r  3 days and
fae ca l  score 3 fo r  3 days) i t  gained 1 .8  kg.
C a l f  69 (Group 7) l o s t  0 .5  kg between 17 and 24 days o f  age,  
having had d ia rrhoea  f o r  f i v e  days (faeca l  score 3 fo r  4 days and 
fae ca l  score 1 f o r  1 day) dur ing t h a t  p e r io d ,  and i t  gained only  7 .7  kg
over the  f i r s t  fo ur  weeks o f  l i f e .
C a l f  71 (Group 7) which s u f fe re d  profuse d ia rrho ea  (faecal  
score 3) on the  second, t h i r d  and fo u r t h  day o f  l i f e ,  l o s t  1 .6  kg 
during the  f i r s t  seven days and t h e r e a f t e r  gained weight  on ly  s lowly  
to  ach ieve  a ga in o f  7 .5  kg over the f i r s t  28 days o f  l i f e .
Calves 102 and 105 (Group 9) both lo s t  weight during  periods  
o f  profuse d ia rrhoea  but had 28-day weight  gains o f  15 .5  kg and 1 3 .2  
kg r e s p e c t i v e l y .
In c o n t r a s t ,  several  ca lves  had poor w e ig h t -g a in s  dur ing the  
f i r s t  fo ur  weeks o f  l i f e ,  al though they were not s e v e re ly  a f f e c t e d  by 
d ia r rh o e a  during  t h a t  p e r io d .  C a l f  62 (Group 6) had a 28-day fae ca l  
score o f  10,  having o n ly  had d ia rrho ea  on s ix  o f  the f i r s t  28 days o f  
l i f e ,  and then only  4 days a t  faeca l  score 1 and 2 days a t  faeca l  
score 3.  During the  f i r s t  28 days o f  l i f e  c a l f  62 gained only  6 . 6  kg
compared to  the  group average o f  1 1 .0 4  -  5 .12  kg.
C a l f  76 (Group 7) had a 28-day faeca l  score o f  10,  but i t  
gained only  5 .5  kg dur ing  the  f i r s t  four  weeks of  l i f e ,  the second 
poorest gain  o f  any c a l f  in the group.
C a l f  96 (Group 9) gained only  3 .5  kg dur ing the  f i r s t  four
weeks o f  l i f e  and ye t  had a fa eca l  score o f  on ly  10,  the second lowest
In the  group. During the  same per iod  i t s  tw in ,  c a l f  97 ,  gained 1 2 .2  kg.
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5 .  The r e l a t i o n s h i p  be tw een  t h e  f e e d i n g  o f  w h o l e  m i l k  f o r  t h e  f i r s t
f o u r  days  o f  l i f e  and t h e  i n c i d e n c e  o f  d i a r r h o e a  d u r i n g  t h e
f i r s t  f o u r  weeks o f  l i f e .
Most manufacturers  o f  mi 1k - s u b s t Î t u t e  powders recommend t h a t  
calves  should be fed whole m i lk  f o r  the f i r s t  days,  pos s ib ly  in s e l f ­
p r o t e c t i o n  and a ls o  in an a t tem pt  to  ensure th a t  farmers feed adequate  
q u a n t i t i e s  o f  colostrum dur ing  t h i s  pe r io d .  I t  may a ls o  be p a r t l y  
due to  the re g u la t io n s  o f  the var ious  m i l k  marketing boards In B r i t a i n ,  
which re q u i re  t h a t  co lostrum and m i lk  is excluded from m i lk  suppl ied  to  
the  boards fo r  a minimum o f  fo u r  days post -par tum.  . The o p p o r tu n i t y  
was taken to  determine i f  the feed ing  o f  mi 1k - s u b s t i t u t e  from the f i r s t  
day o f  l i f e  had any in f lu e n c e  on the incidence o f  d ia rrho ea  dur ing the  
f i r s t  four  weeks o f  l i f e  in ca lves  which were fed colostrum to  s a t i a t i o n  
as e a r l y  as poss ib le  a f t e r  b i r t h .
This r e l a t i o n s h i p  was examined using the 18 calves  o f  Groups 
6 and 7.  Group 6 cons is ted  o f  f i v e  calves  (59,  6 l , 63,  65 ,  67) fed  
whole cow's m i lk  f o r  e ig h t  feeds a t  approx im ate ly  12 hour i n t e r v a l s  
a f t e r  the i n i t i a l  s in g le  feed o f  colostrum,  and f i v e  calves  (58 ,  60,
6 2 , 64 ,  66) which were in troduced d i r e c t l y  to  the autom at ic  c a l f  
feeder  a f t e r  they had been a s s is t e d  to  suckle colostrum to  s a t i a t i o n  
once o n ly .  Group 7 consis ted  o f  on ly  nine c a lv es ,  because o f  the  
d i f f i c u l t y  in o b ta in in g  cows a t  the  c o r r e c t  stage o f  g e s t a t io n  over  a 
s u i t a b ly  short  p e r io d .  As a r e s u l t  four  calves  (69,  71, 73,  75) were 
fed whole m i lk  f o r  e ig h t  feeds subsequent to  the i n i t i a l  a s s is t e d  feed  
o f  colostrum and f i v e  ca lves  (68,  7 0 , 72,  74,  76) were int roduced  
d i r e c t l y  to  the autom at ic  f e e d e r .  U n f o r tu n a te ly  one o f  the four  
s u b s t i t u t e - f e d  calves  ( c a l f  73) d ie d ,  leav ing  only  th r e e  s o l e l y  m l l k -  
s u b s t i t u t e  fed calves  in Group 7.
The inc idence and s e v e r i t y  o f  d ia rrhoea  f o r  each c a l f  in the  
two groups a re  shown in Figures 8 and 9.  To determine i f  the fe ed ing  
o f  whole m i lk  had any in f lu e n c e  on the  inc idence o f  d ia rrhoea  dur ing  
the  f i r s t  four  weeks o f  l i f e ,  the t o t a l  28-day fa eca l  scores f o r  the  
whole m i lk  fed group a n d . m i l k - s u b s t i t u t e  fed group w i t h i n  both Group 6
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and Group 7 were analysed by the  Mann-Witney t e s t  ( S ie g e l ,  1956) .  In 
Group 6,  there  was no s i g n i f i c a n t  d i f f e r e n c e  in the 28 -day faecal  
scores between e i t h e r  the  whole m i lk  fed calves  or the mi 1k - s u b s t i t u t e  
fed c a lves .  In Group 7, the group w i th  the h ighest  o v e r a l l  Inc idence  
o f  d ia r rh o e a ,  the th re e  m i l k - s u b s t i t u t e  calves  had s i g n i f i c a n t l y  higher  
28 -day faeca l  scores ( p < 0 . 0 2 ) .
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SECTION 2
S T U D I E S  ON T H E  B E H A V I O U R  A N D  GROWTH R A T E S  OF A  GROUP OF C A L V E S  
R E A R E D  ON AN A U T O M A T I C  C A L F  F E E D E R
The o p p o r tu n i t y  was taken to  observe the behaviour and the  
suck l ing  pa t te rn s  o f  a group o f  calves  which had f r e e  access to an 
automat ic  c a l f  f e e d e r .  Group 8 (Tables 6 and 17) was chosen fo r  t h i s  
study as the 14 ca lves  were born over a r e l a t i v e l y  short  period o f  13 
days. The breed, sex,  b i r t h  weights and 48-hour serum c oncentra t ions  
o f  absorbed immunoglobulins o f  the 14 calves  a re  shown in Table  17 ,
The group consisted o f  n ine A y rsh i re  c a lv e s ,  th ree  A y r s h i r e x F r l e s ian 
c a lv e s ,  one F r i e s ia n  c a l f  and one A yrsh irexH ere fo rd  c a l f .  The b i r t h  
weights v a r ie d  from 2 2 .9  kg to  34 .0  kg and the  48-hour serum 
c oncentra t ions  o f  absorbed immunoglobulins v a r ie d  from 12 to  45 ZST 
u n i t s .
The frequency and s e v e r i t y  o f  d ia rrhoea  by members o f  t h i s  
group has a l re a d y  been examined in the  previous sec t ion  but profuse ,  
watery  d ia rrhoea  was only  noted in e ig h t  c a lv e s ,  and then only  f o r  a 
maximum o f  th ree  days dur ing the f i r s t  28 days in c a l f  93 when i t  was 
7,  8 and 9 days o ld .  Diarrhoea was noted o c c a s io n a l ly  beyond the  
f i r s t  28 days o f  l i f e  (F igure  1 0 ) ,
None o f  the calves  in t h i s  group had any d i f f i c u l t y  l e a rn in g  
to  suckle the automatic  feeder  and most o f  the  calves  had become 
accustomed to  the machine w i t h i n  two days of  e n t ry  to  the group. A 
socia l  h ie ra rc h y  developed w i t h i n  the group which was not r e la t e d  to  
the age of  the c a l f  a l though the most dominant c a l f  (82) was the  
o ld e s t  c a l f .  This c a l f  consumed the g re a te s t  volume o f  m i l k  on fo ur  
of  the f i v e  24-hour o bserva t ion  per io ds ,  and had the h ighest mean 
volume over the f i v e  o bserv a t ion  per io ds .  Domination was shown by 
pushing away any ca lves  a t  the feeder  and s t a r t i n g  to  suck le .  On 
occasions c a l f  82 would in s e r t  h im se l f  between the machine and o ther  
calves  w i th o u t  ta k in g  any m i lk  h im s e l f  but preventing  access to  the  
t e a t  by o ther  c a lv e s .  Another form o f  domination was what appeared  
to  be d e l i b e r a t e  harassment o f  o ther  calves  by b u t t in g  ca lves  which
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were a t  the feeder  and those ca lves  engaged In o ther  a c t i v i t i e s ,  such 
as e a t in g  c a l f  p e n c i l s .
Competi t ion f o r  the s in g le  t e a t  a t  the  automat ic  fe eder  
u s u a l l y  took the form o f  "head press ing"  I . e .  t r y i n g  to  remove the  
incumbent c a l f  from the  t e a t  by e x e r t in g  l a t e r a l  fo rc e  to  the head and 
neck reg io n .  More aggress ive  com pet i t ion  was seen when a c a l f  put 
i t s  head underneath the  c a l f  s uck l ing  and a t tem pt ing  to  l i f t  the  
successful  c a l f  up and away from the t e a t .  The most aggress ive  
c om pet i t ion  was employed by the  most dominant c a lv e s ,  such as c a l f  82,  
and took the form o f  " b a t t e r i n g  ram" t a c t i c s .  The less  aggress ive  
forms o f  c om pet i t ion  were countered by the  successful  c a l f  swinging round 
and standing along s ide  the machine, as a c a l f  suck l ing  a cow would do,  
thus reducing the fo rce  which could be exer ted  by the  competing c a l f .
The o th e r  method used was f o r  the incumbent c a l f  to swing i t s  
h in d q u ar te rs  round towards the  competing c a l f ,  a l lo w in g  the competing 
c a l f  less  room to  manoeuvre. O f te n ,  however, these de fens ive  a ttempts  
f a i l e d ,  e s p e c i a l l y  w i th  two e ven ly  matched c a lv e s ,  and each c a l f  might  
have to  s e t t l e  f o r  one suck about.  Normal ly the t ime taken to  empty 
the  bowl was about one m inu te ,  but when th e r e  was c o m p et i t io n ,  the  
t ime to  f i n i s h  one mix could be as long as s ix  minutes.
Var ious  sounds were generated  by the  automatic  feeder  w h i le  
the mixing c y c le  was in o p e ra t io n  and when the mixing  process was 
complete a very obvious " c l i c k "  was a u d ib le .  Having f i n i s h e d  o f f  
one mix several  o f  the more dominant calves  would o f t e n  move away from 
the  fe eder  to  engage In o ther  a c t i v i t i e s  during the  mixing cyc le  but 
when the  " c l i c k "  occurred a t  the  complet ion  o f  the mixing c y c le ,  they  
would r e tu rn  to  the  feeder  and d is p la c e  less successful  c a lv e s ,  which  
had begun to  p lay  w i th  the t e a t  dur ing the mixing c y c le .
Those ca lves  which were subserv ient  to  dominant ca lves  or  
which were unsuccessful would suckle  the mixing bowl or  o c c a s io n a l l y  
might suckle  the ear  o f  the successful  c a l f .  One o f  the l e a s t  
dominant c a lv e s ,  93 ,  req u i red  on ly  to  be threa tened  by a more dominant  
c a l f  to  g iv e  up the t e a t ,  and i f  removed from the t e a t ,  very r a r e l y  
chal lenged the successful  c a l f .  This c a l f  was a ls o  very  slow, o f t e n  
ta k in g  up to  s i x  minutes to  suckle  one mixing even i f  unmolested.
D u r i n g  the l a s t  th re e  ob s erv a t io n  periods i t s  socia l  rank appeared to
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improve and i t  consumed con s id e ra b ly  more m i l k .  Although c a l f  89 
consumed the lowest mean volume o f  m i lk  over the  f i v e  observa t ion
periods  i t  d id  not appear to  be dominated to  any g re a t  e x t e n t .
As wel l  as e a r - s u c k in g ,  o th e r  forms o f  n o n - n u t r i t l o u s  
suck l ing  were noted.  This most commonly took the  form o f  suck l ing  the  
p r e p u t ia l  area o f  o th e r  ca lves  and was c a r r i e d  out by both dominant and 
subserv ien t  c a lv es .
C a l f  p e n c i ls  and hay were f r e e l y  a v a i l a b l e  from the f i r s t  
week and ruminat ion by several  calves  was noted dur ing the f i r s t  
ob s erva t io n  p e r io d ,  i . e .  when some o f  the  calves  were only  one week o ld .  
The ruminat ing a c t io n  was u n l i k e  th a t  o f  a d u l t  c a t t l e  and had a very  
f a s t  c i r c u l a r  motion and resembled much more the ruminat ing  a c t io n  o f  
sheep. However, in the f i r s t  two observa t ion  days,  r e s t in g  was r a r e l y  
accompanied by ru m ina t ion .  During these r e s t in g  periods  ca lves  tended  
to  l i e  w i th  heads tucked round on t h e i r  f la n k s  almost under the hind 
l e g .  O cc as io n a l ly  th e re  were " p ia y - p e r io d s "  when as many as ten calves  
would run round the loose-box obv iously  en joy ing  themselves.
V o c a l i z a t io n  was a very  r a r e  f e a t u r e  in t h i s  group or  any o f  the o th e r  
groups o f  calves  and on ly  occurred during  the  occasional  " p i a y - p e r i o d s " .
No coughing was noted in the  f i r s t  obs erva t io n  per iod and
dur ing  the  second ob serv a t io n  per iod  on ly  an occasional  cough was noted
but p r i n c i p a l l y  among the o ld e r  c a lv e s .  In the l a s t  th re e  24-hour
ob s erva t io n  periods the  frequency of coughing increased and reached a 
peak dur ing the fo u r t h  and f i f t h  observa t ion  per iod  when 55 coughs per 
hour per 14 calves  were noted.  The frequency o f  coughing was not 
c o n s is te n t  throughout the  day,  e . g .  between 5 am and 6 am o f  the f i f t h  
o bserva t ion  period when most ca lves  were r e s t in g  th e re  were only  15 
coughs per hour,  but between 8 pm and 9 pm th e re  were 55 coughs per 
hour per 14 c a lv e s .
From these observa t ions  on a group o f  ca lves  reared on an 
automat ic  c a l f  feeder  the  f o l lo w in g  f a c to r s  were determined:
1.  The volume o f  m i l k  s u b s t i t u t e  consumed by calves
w i th  f r e e  access to  an automatic  c a l f  f e e d e r .
t e n
2.  The frequency o f  suck l ing  by calves  w i th  f r e e  
access to  an automat ic  c a l f  fe e d e r .
3.  The r e l a t i o n s h i p  between frequency o f  suck l ing  
and t ime o f  day f o r  calves  w i th  f r e e  access to  an 
automatic  c a l f  fe e d e r .
4.  The r e l a t i o n s h i p  between the volume o f  m i l k  
s u b s t i t u t e  consumed and l i v e w e ig h t  ga in  o f  calves  
w ith  f r e e  access t o  an automatic  c a l f  fe e d e r .
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1.  The volume o f  m i lk  s u b s t i t u t e  consumed by calves  w i th  f r e e  access
to  an automatic  c a l f  fe e d e r .
The volume o f  m i l k  s u b s t i t u t e  consumed by each in d iv id u a l  
c a l f  during the  f i v e  24-hour  observa t ion  periods is shown in Table  25 .  
There was a marked in d iv id u a l  v a r i a t i o n  w i th  the  mean volume o f  m i lk  
s u b s t i t u t e  consumed per c a l f  over the f i v e  observa t ion  periods ranging  
from 6,51 l i t r e s  to 13 .6 4  l i t r e s .  Over the f i v e  o bserva t ion  per iods  
the  lowest volume consumed per 24-hour  period was 4 .1 2  l i t r e s  (ca lf .  84) 
and the h ighest  was 16,05 l i t r e s  ( c a l f  82) ,  both during the f i r s t  
observa t ion  p e r io d .
There was remarkably l i t t l e  week-to-week v a r i a t i o n  in the  
volume o f  m i lk  s u b s t i t u t e  consumed by in d iv id u a l  ca lves  during each o f  
the  f i v e  24-hour ob serv a t io n  p e r io ds .  During the f i r s t  24-hour  
observa t ion  p e r i o d , c a l f  84 consumed the lowest o f  a l l  the 24-hour  
values a t  4 .1 2  l i t r e s ,  but over the next four  24-hour observa t ion  
periods  i t s  mean 24-hour consumption was 7 .49  l i t r e s .  The th re e  
youngest c a lv e s ,  93,  94 ,  95 ,  had q u i t e  low intakes dur ing the f i r s t  
24-hour  observat ion  per iod  o f  4 . 9 7 ,  6 .8 2 ,  and 4 .8 3  l i t r e s  r e s p e c t i v e l y .  
This may have been p a r t l y  due to  a la c k  o f  f a m i l i a r i s a t i o n  w i th  the  
automat ic  feeder  and p a r t l y  due to  compet it ion  from ca lves who had 
a l re a d y  been on the  automat ic  fee d er  f o r  up to  th ree  weeks.
C a l f  8 9 , which had the lowest mean 24-hour consumption o f  
6,51 l i t r e s  over the f i v e  o bserv a t ion  per io ds,  was an A y rsh i re  h e i f e r  
which had weighed 29 kg a t  b i r t h ,  on ly  the f i f t h  lowest in group and 
had in f a c t  the  h ighest 48-hour  serum co n ce n tra t io n  o f  absorbed 
immunoglobulins o f  45 ZST u n i t s .
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TABLE 25
The volume o f  m i l k  consumed p e r .2 4 -hour  observa t ion  period,
CALF No. WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 MEAN t SD
82 1 6 .0 5 * 13.78 9 .6 6 15.76 12.93 1 3 .6 4  t 2 .5 8
83 7 .39 7 .67 10.23 7.81 7.81 8 .1 8  t 1 .16
84 4 .1 2 7 .95 7.81 5 .82 8 .38 6 .8 2  - 1 .80
85 8.95 10.51 8 .10 7 .10 7.81 8 .4 9  - 1 .31
86 6 .9 6 11.93 1 1 .0 8 9 .3 8 9 .80 9 .83  - 1 .8 9
87 10.51 . 10.65 10 .94 11.51 11.51 11.02  - 0 .4 7
88 12.07 10.37 7 .95 8 .3 8 9 .5 2 9 .6 6  - 1 .65
89 5 .2 6 6 .25 9 .23 5 .54 6 .25 6.51 - 1 .5 9
90 4 .9 7 11 .08 8.81 9 .52 11.65 9 .2 0  t 2 .63
91 7 .2 4 10 .09 9 .9 4 8 .2 4 10.23 9 .1 5  - 1 .33
92 6 .5 3 8 .2 4 5 .9 7 7 .53 11.51 7.95  - 2 .1 7
93 4 .9 7 7 .2 4 10.23 9 .52 10.37 8 .4 7  - 2 .32
94 6 .82 9 .23 10.09 8.81 9 .80 8 .95  - 1 .29
95 4 .8 3 11.22 5 .5 4 10.80 9 .9 4 8 .47  - 3 .0 4
Mean 7.62
+
9 .7 3
+
8 .9 7
+
8 .9 8
+
9 .82  
+ _
1 Î t r e s
S.D. -  3 .32 -  2 .0 7 -  1.71 " 2 .57 -  1.80
*  1 i t r e s .
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2 ,  The f r e q u e n c y  o f  s u c k l i n g  by c a l v e s  w i t h  f r e e  a c c e s s  t o  an
a u t o m a t i c  c a l f  f e e d e r .
The number o f  suck l ing  cyc les  fo r  each in d iv id u a l  c a l f  dur ing  
the  f i v e  24-hour  observa t ion  per iods is shown in Table  26 . The mean 
number o f  suck l ing  cycles  of  each c a l f  over the f i v e  24-hour o b serva t ion  
per iods  ranged from 6 ,6  to  1 1 .4 .  As w i th  the  volume o f  m i l k  s u b s t i t u t e  
consumed, th e re  was a wide v a r i a t i o n  o f  suckl ing cycles  over the  f i v e
o bserva t ion  periods  from 4 ( c a l f  92 ,  week 3) to  16 ( c a l f  82,  week 1;
c a l f  8 7 , week 4 ) .  The range o f  the mean number of  s uck l ing  cyc les per
24-hour observat ion  per iod f o r  the  group was 8,1 (week 5) to  1 0 ,7
(week 4 ) .
The mean number of  suck l ing  cyc les o f  c a l f  89 over the  f i v e  
24-hour observa t ion  per iods was 8 , 4 .  This was only the s ix t h  lowest  
even although t h i s  c a l f  had the  lowest average 24-hour in ta ke  o f  6.51 
l i t r e s .  During the t h i r d  o bs erv a t ion  period c a l f  82 ,  which had the  
highest mean consumption,  suckled only  s ix  t im e s ,  compared w i th  the 16 
t imes on the f i r s t  week but t h i s  was a ls o  the 24-hour observa t ion  per iod  
during which i t  consumed only  9 .6 6  l i t r e s ,  the lowest o f  i t s  f i v e  24-  
hour in ta k e s .
TABLE 26
The number o f  s u c k l i n g  c y c l e s  p e r  2 4 - h o u r  o b s e r v a t i o n  p e r i o d
CALF No. WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 MEAN -  SD
82 16 11 6 12 8 10 .6 -  3 .85
83 8 7 9 15 7 9 .2 -  3 .35
84 8 6 11 9 6 8 .0 -  2 .12
85 9 6 8 7 10 8 .0 -  1 .5 8
86 8 9 10 15 8 10.0 t  2 .9 2
87 8 n 10 16 12 11.40 -  2 .9 7
88 9 8 6 7 5 7 .0 -  1 .5 8
89 7 10 12 7 6 8 .4 t  2.51
90 8 9 9 8 6 8 .0 *  1 .22
91 10 8 10 14 10 10 .4 -  2 .1 9
92 6 7 4 9 7 6 ,6 -  1 .82
93 7 8 14 12 8 9 .8 -  3 .03
94 10 9 11 9 7 9 .2 -  1 .4 8
95 11 11 10 10 13 11.0 t  1 ,22
Mean 8 .93 8 .5 7 9 .2 8 10.71 8 .07
S.D. -  2 .43 1 .7 4 -  2.61 -  3 .24 -  2 .3 7
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3 .  The r e l a t i o n s h i p  be tw een  f r e q u e n c y  o f  s u c k l i n g  and t i m e  o f  day
f o r  c a l v e s  w i t h  f r e e  a c c e s s  t o  an a u t o m a t i c  c a l f  f e e d e r .
One of the most s t r i k i n g  fe a tu r e s  o f  t h i s  study in to  the  
suck l ing  behaviour o f  a group of  calves  on an automatic  feeder  was the  
marked l u l l  in a c t i v i t y  which occurred in the e a r l y  morning between 
3 am and 6 am. This reduct io n  in the use of  the  machine took p lace  
d e s p i te  the calves  being housed under cond i t ions  o f  continuous  
i l l u m i n a t i o n .  The mean hour ly  volume of mi 1k - s u b s t i t u t e  consumed and 
the number o f  calves  suck l ing  during  the  f i v e  24-hour observat ion  
periods a re  presented in F igure  16.  The hour ly  consumption o f  m i l k -  
s u b s t i t u t e  by each in d iv id u a l  c a l f  during the f i v e  weekly o bserva t ion  
periods is given in Appendix 3»
During the second obs erv a t ion  per io d ,  t h i s  e a r l y  morning 
reduct ion  in a c t i v i t y  was much less  n o t i c e a b le ,  w i th  seven calves  
consuming 24 u n i ts  between 3 am and 5 am. Of these 24 u n i ts  consumed, 
calves  84 and 88 took 6 and 5 u n i ts  re s p e c t iv e ly ,a n d  even on t h i s  
m orning, the  machine was not suckled by any c a l f  from 5 .05  am to 6 ,0 5  am. 
During the fo u r th  24-hour observa t ion  period no c a l f  used the machine 
f o r  a per iod  of  3 hours 8 minutes between 2 .30  am and 6 am.
The t o t a l  t ime t h a t  the machine was in use,  e i t h e r  being 
suckled, or mixing during  each o f  the f i v e  observa t ion  periods is shown 
in Table  27.  The mean length  of  t ime th a t  the  machine was in use 
over the f i v e  24-hour o bserva t ion  periods was 14 hours 43 minutes,  w i th  
a maximum of  18 hours 32 minutes (week 2) and a minimum o f  11 hours 
1 minute (week 5) .
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TABLE 27
The t o t a l  machine use t ime per 24-hour observa t ion  per iod
WEEK 1 12 hours 22 minutes
WEEK 2 
WEEK 3 
WEEK 4  
WEEK 5
18 hours 32 minutes
14 hours 12 minutes
15 hours 8 minutes
11 hours 1 minute
MEAN 14 hours 43 minutes
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4.  The r e l a t i o n s h i p  between the volume of  m i l k - s u b s t i t u t e  consumed 
and the  l i v e w e ig h t  ga in  o f  ca lves  w i th  f r e e  access t o  an 
automatic  c a l f  fe e d e r .
The r e l a t i o n s h i p  between l i v e w e ig h t  gain and the volume of  
mi 1k - s u b s t i t u t e  consumed was examined f o r  the 14 calves  of  Group 8 ,
The 14 calves  were weighed once weekly a t  2 p.m. on the a f te rnoon  
before  the f i v e  weekly 24-hour  observa t ion  per iods were s ta r te d  a t  5 p.m,
The weekly l i v e w e ig h t s  f o r  the 14 calves f o r  t h is  four  week 
per iod  a re  presented in Tab le  28.  There was a wide range o f  t o t a l  
l i v e w e ig h t  gains over the 28 days from 9 .3  kg to  2 3 .7  kg. Moreover,  
a wide v a r i a t i o n  in weekly l i v e w e ig h t  gains occurred not only between 
c a lv e s ,  0 .5  kg ( c a l f  92) to  7 .7  kg ( c a l f  88) but a ls o  between weeks 
f o r  the  same c a l f .  Between day 25 and day 32,  c a l f  92 gained only  
0 ,5  kg, but between day 39 and day 46,  i t^ gained 4 . 5  kg. Calves 82 
and 86 had the most c o n s is te n t  weekly l i v e w e ig h t  g a in s ,  5 .93  - 0 .82  
kg/week ( c a l f  82) and 4 .7 8  -  0,61 kg/week ( c a l f  86) .  The mean d a i l y  
l i v e w e ig h t  gains over the 28 day p e r io d ,  c a lc u la t e d  by d iv id in g  the  
t o t a l  l i v e w e ig h t  gain  by 2 8 , v a r ie d  from 0 .3 4  kg/day ( c a l f  93) to  
0 .8 5  kg/day ( c a l f  82) .
A h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  (r  = 0 .8 3 ,  p < 0 .0 0 1 ) ,  
was found to  e x i s t  between mean volume of m i l k - s u b s t i t u t e  consumed 
dur ing the  f i v e  24-hour  observa t ion  per iods and the mean d a i l y  
l i v e w e ig h t  gains (F igure  1 7 ) .  A h ig h ly  s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n  (r  = 0 . 8 2 , p<0 . 001) was a ls o  demonstrated to  e x i s t  between 
the  mean volume o f  m i l k - s u b s t i t u t e  consumed dur ing the  f i v e  24-hour  
observa t ion  periods and the  t o t a l  l i v e w e ig h t  gain over the 28 days 
covered by the  f i v e  ob serv a t io n  periods  (F igure  18) .
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TABLE 28
Weekly l i v e w e i g h t ,  t o t a l  l i v e w e ig h t  ga in ,  mean weekly and mean d a i l y  
l i v e w e ig h t  gain o f  the 14 calves  of  Group 8
CALF
No.
LIVEWEIGHT (kg) LIVEWEIGHT GAIN (LWG)
DAY 18'"day 25 DAY 32 DAY 39 DAY 46 Tota l  LWG over 28 days
Mean weekly Mean d a i l y  
LWG (kg) LWG (kg)
82 44.1 50 .9 55 .9 61 . 4 6 7 .8 2 3 .7 5 .93 t  0 .82 0 .8 5
83 37.3 39 .5 4 5 .5 4 7 . 7 5 1 .4 14.1 3 .53 -  1 .79 0 .5 0
84 35.0 38.2 4 0 .0 4 1 .8 4 7 .3 12.3 3 .0 8 -  1 .75 0 .4 4
85 4 2 .7 4 5 .5 4 8 .6 50 .0 5 4 .5 11 .8 2 .95 -  1 .27 0 .4 2
86 32 .7 3 6 .8 4 2 .3 4 6 . 8 51 .8 19.1 4 .7 8 -  0.61 0 .6 8
87 37 .7 4 1 .8 4 6 . 4 5 0 .9 5 3 .6 15 .9 3 .98 -  0 .8 8 0 .5 7
88 37.3 4 0 .0 4 7 .7 4 2 .7 5 6 .4 19.1 4 ,7 8 -  2 .1 7 0 .6 8
89 28 .2 3 1 .8 34.1 35 .5 39 .5 11.3 2.83 -  1 .1 9 0 .4 0
90 34.1 3 6 .4 4 0 .0 4 4 . 5 ' 49.1. 15.0 3 .75 -  1 .07 0 .5 4
91 30.5 34 .5 3 8 .2 39.1 4 2 .7 12.2 3 .05 -  1 .44 0 .4 4
92 33.2 37 .3 3 7 .8 41 .4 4 5 .9 12.7 3 .1 8 -  1.82 0 .4 5
93 34.5 35 .5 3 7 .7 39.1 44.1 9 .6 2 .40 -  1 .80 0 .3 4
94 3 1 .8 34.1 37.3 4 0 .9 4 5 .5 13 .7 3 .43 -  0 .9 5 0 .4 9
95 2 3 .8 2 4 .7 2 8 .8 33 .8 3 5 .6 11 .8 2 .95 -  1 .92 0 .42
*  Day o f  weighing in r e l a t i o n  to  b i r t h  o f  c a l f  82 -  born on day 0 .
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N=14
y=3.41+10.87x 
r=0.83 (p <0.001)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
MEAN DAILY LIVEWEIGHT GAIN (kg)
F IGURE 1 7 The r e l a t i o n s h i p  between the  mean d a i l y  volume o f  
m i l k - s u b s t i t u t e  consumed and the  mean d a i l y  
1 iveweight g a in .
N=14
y = 3.53+0.38x 
r-0 .82 (p< 0.001)
252010 155
LIVEWEIGHT GAIN OVER 28 DAYS (kg)
FIGURE 18 The r e l a t i o n s h i p  between the mean d a i l y  volume o f  
m i l k  s u b s t i t u t e  consumed and the  t o t a l  l i v e w e ig h t  
gain  over 28 days.
1 7 ^
DI SCUSSI ON
Excluding the  f i v e  ca lves  o f  Group 10 which died from 
s a lm o n e l lo s is ,  only  th r e e  o f  131 group-reared calves  ( in c lu d in g  the  
calves  o f  Group 1,  Group 2 and Group 5) d ie d ,  a m o r t a l i t y  o f  2 .3  per  
c e n t .  D iarrhoea was the major c l i n i c a l  sign in two o f  the th re e  c a lv e s .  
One c a l f  (Group 9) died w i t h i n  36 hours o f  b i r t h ,  having developed a 
p ro fu s e ,  watery  d ia r rh o ea  when approximate ly  24 hours o ld .  Although  
no b a c t e r io lo g y  was c a r r i e d  o u t ,  i t  is pos s ib le  t h a t  t h i s  c a l f  was 
s u f f e r i n g  from e n t e r i c  toxaemia as described by Gay ( I 965) caused by 
an e n t e r o t o x ig e n ic  E . c o l i  (Smith and H a l l s ,  1967a) .  C a l f  151 (Group 12) 
d ie d ,  aged 41 days,  a f t e r  s u f f e r i n g  profuse d ia rrho ea  i n t e r m i t t e n t l y  from 
f i v e  days o f  age.  No salmonel la  organisms were i s o l a t e d ,  and no 
h i s t o l o g i c a l  examinat ion o f  the i n t e s t i n e  was c a r r i e d  ou t .  C a l f  73 
(Group 7) d ie d ,  aged f i v e  days,  o f  a severe n e c r o t ls in g  pneumonia.
A l l  three  ca lves  had serum co n ce n tra t io n s  o f  absorbed Immunoglobulins 
o f  less  than 10 ZST u n i t s ;  c a l f  151,  3 ZST u n i t s ;  c a l f  73,  7 ZST u n i t s ;  
the  t h i r d  c a l f  (Group 9) had a serum co n ce n tra t io n  o f  absorbed 
immunoglobulins o f  5 ZST u n i ts  a t  24 hours o f  age.
Surveys o f  ca l fhood  disease have g e n e r a l l y  confined themselves  
to  the  m o r t a l i t y  ra tes  o f  young c a lv e s ,  ra th e r  than the  p re c is e  causes 
o f  death, as the diagnoses have been based upon farmer/s tockman  
obs erva t io n  (Lovel l  and H i l l ,  1940; W i th e rs ,  1952,  1953; Leech and 
o t h e r s ,  I 968) .  The signs o f  i l l - h e a l t h  have of  n ece ss i ty  been poor ly  
d e f in e d ,  broad terms such as scour ing ,  coughing,  o f f - f e e d ,  f e v e r ,  
i n c o o r d in a t io n ,  or o th e r  c l i n i c a l  signs of  which scouring was the  
predominant c l i n i c a l  sign o c c u r r in g  more than tw ice  as f r e q u e n t l y  as any 
o th e r  sign (Leech and o t h e r s ,  1 96 8 ) .  N e v e r th e le ss ,  Leech and o thers  
(1968) est imated t h a t  9 per cent o f  a l l  ca lves  scoured,  A f i e l d - s t u d y  
c a r r i e d  out in Canada found an o v e r a l l  inc idence o f  d ia rrho ea  dur ing the  
f i r s t  ten days of  l i f e  o f  2 4 .5  per c e n t ,  a l though dur ing the  per iod  
January to  March t h i s  f i g u r e  increased to  38 per cent (Wil loughby and 
o t h e r s ,  1 97 0 ) ,  U n f o r tu n a te ly  the  authors f a i l  to  d e f in e  the term 
d i a r r h o e a ,
The c o l l e c t i o n  o f  the t o t a l  d a i l y  fa eca l  output during  
ph y s io lo g ica l  s tud ie s  o f  c a l f  d ia rrho ea  has perm it ted  the  accura te  
q u a n t i t a t i o n  o f  d a i l y  faeca l  output and faecal  dry m a t te r  content
173
(B la x t e r  and Wood, 1953; M y l re a ,  1966; Logan and Penhale ,  1972;
F is h er  and de la  Fuente,  1972; Logan and Penhale,  1971a; F is h er  and 
M a r t i n e z ,  1975b; Logan and o th e r s ,  1977) .  From these s tu d ies  calves  
producing faeces w i th  a dry m at te r  content o f  10 per cent or less and 
a t o t a l  d a l l y  output o f  more than 500g have been classed as d i a r r h o e i c  
(Logan and Penhale,  1971a; F isher  and M a r t in e z ,  1975b; Logan and 
o t h e r s ,  1 97 7 ) .  Logan and Penhale- (1972) a ls o  noted th a t  the faeces  
o f  calves  which were seve re ly  d ia r r h o e i c  had a dry m a t te r  content o f  
f i v e  per cent or l e s s .  In the present  study faeces w i th  a score o f  2 
had a mean dry m at te r  content  o f  11.1 per cent and faeces w i th  a score 
o f  3 had a mean dry m at te r  content o f  4 .5  per c en t .  I t  Is  u n l i k e l y  
t h a t  a farmer/stockman would be too concerned by a c a l f  passing faeces  
wi th  a score o f  1 ,
In the present  study,  the incidence o f  d ia rrhoea  was maximal 
between f i v e  and 16 days o f  l i f e  fo r  a l l  groups except Group 11,  
although a s i g n i f i c a n t  d i f f e r e n c e  between weeks could only  be 
demonstrated in Group 12.  T h is  Is l a t e r  than the  per iod  of  maximal 
inc idence of  d ia rrho ea  between two and seven days recorded by Logan 
and Penhale (1971a,b)  and Logan and others  (1974b).  However in s tu d ies  
o f  spontaneous d ia rrho ea  in "market ' '  calves purchased a t  th ree  to  seven 
days o f  age,  the maximum per iod  of  d ia rrhoea  occurred between f i v e  and 
13 days of  age (Logan and Penhale,  1971c) or  between 10 and 15 days o f  
age (Dalton and o th e r s ,  I 9 6 0 ) ,  ages more c o n s is te n t  w i th  those o f  the  
present  s tudy .  Many of  the s tud ies  in to  the a e t io l o g y  o f  neonatal  
c a l f  d ia rrho ea  have been confined to  the f i r s t  two weeks o f  l i f e  (Acres 
and o th e r s ,  1975; Morin and o t h e r s ,  1976 ) ,  and most in v e s t ig a t o r s  agree  
t h a t  by 21 days o f  age ca lves  which have not succumbed are  g e n e r a l l y  
vo id ing  normal faeces (Aschaffenburg and o th e r s ,  1949a; Dalton and 
o t h e r s ,  I9 6 0 ;  Gay, 196 5 ) .  With  a few exceptions t h i s  was confirmed  
in the  present s tudy .
The f a i l u r e  to  demonstrate any c o r r e l a t i o n  between the  
inc idence of d ia rrho ea  and the  serum c oncentra t ions  o f  absorbed 
immunoglobulins confirmed the observat ions  o f  o ther  workers (Gay and 
o t h e r s ,  1965a; McEwan and o t h e r s ,  1970a; Hurve l l  and Fey,  1 970 ) ,  
although i t  has been re p ea te d ly  demonstrated t h a t  high l e v e l s  of  
c i r c u l a t i n g  absorbed immunoglobulins almost i n v a r i a b ly  p ro te c t  calves  
frcm the  u l t i m a t e  e f f e c t  o f  severe d ia rrhoea  (Fey and Margadant,  1962; Gay
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and o th e rs ,  1965a,b;  McEwan and o t h e r s ,  1970a; Boyd, 1972; Penhale 
and o th e rs ,  1973 ) .  However, in one experimental  s tudy,  in which the  
calves  were chal lenged w i th  an e n t e r o to x ig e n ic  s t r a i n  o f  E. c o l i , 
before  being fed colostrum, high c i r c u l a t i n g  le v e ls  of  absorbed 
immunoglobulins f a i l e d  to  prevent death from marked d iarrhoea  in two 
calves  (Logan and o th e rs ,  1977 ) .
In the present study the  lack  o f  c o r r e l a t i o n  between the  
inc idence of d iarrhoea  during the f i r s t  four weeks o f  l i f e  and the  
serum concentra t ions  o f  absorbed immunoglobulins,  may have been 
in f luenced by several  f a c t o r s .  The o v e r a l l  incidence o f  d ia rrhoea  
( faecal  score 2 or 3) f o r  the  97 -g roup-reared  calves (excluding Group 
10 and c a l f  73) during the f i r s t  four  weeks of  l i f e  was 3 .7  days per 
c a l f .  This v a r ie d  between the groups w i th  Group 7 having the h ighest
value  o f  6 .3  days d ia rrhoea  per c a l f  and Group 3 having the lowest
va lue  of  1 .7  days d ia rrhoea  per c a l f .  This low incidence o f  d iarrhoea
may have been p a r t l y  due to  the use of  clean re ar ing  accommodation f o r
every group, and in p a r t  to  the r e l a t i v e l y  high mean serum concentra t ions  
o f  absorbed immunoglobulins.  Roy and others  (1955a) demonstrated  
th a t  the re  is a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  between the length o f  
t ime a c a l f -h o u s e  had been occupied and the inc idence of  d iarrhoea  
amongst the calves housed. Although the incidence o f  moderate to  
severe d iarrhoea  during  the f i r s t  28 days fo r  the 15 calves  o f  Group 12 
was only  5 .0  days per c a l f ,  compared to 6 .3  days per c a l f  f o r  Group 7 
and 5.1 days per c a l f  f o r  Group 9,  i t  was the only group in which the  
incidence of  d iarrhoea  dur ing the second week o f  l i f e  was s i g n i f i c a n t l y  
g r e a t e r  than the o the r  th ree  weeks.  Group 12 was a ls o  the only group 
in which the l a s t  ca lves  added to  the rear ing  accommodation had a 
s i g n i f i c a n t l y  g r e a t e r  inc idence o f  d ia rrhoea  than the  calves  born 
e a r l i e r .  Group 12 had the widest c a lv in g  spread of  31 days,  w i th  the  
r e s u l t  t h a t  calves  1 50 , 151 were placed in the re a r in g  accommodation 
more than four  weeks a f t e r  ca lves  137 and 138 had been born.  Th is  
prolonged c a lv in g  per iod may have a l lowed a b u i ld  up o f  i n f e c t i o n  in 
the  re a r in g  accommodation as descr ibed by Wood (1 955 ) .
The ca lves  o f  Group 12 a ls o  had the  lowest mean c o n c e n t ra t io n  
o f  absorbed immunoglobulins a t  17 .33  ZST u n i ts  which may a ls o  have 
c o n t r ib u te d  to  an increase in the weight  o f  i n f e c t i o n  w i t h i n  the  
r e a r in g  accommodation. The mean serum concentra t ions  o f  absorbed
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immunoglobulins between the groups v a r ie d  from 17 .33  -  10 .49  ZST u n i ts  
f o r  the 15 ca lves  o f  Group 12 to  2 9 .86  - 9 .7 7  ZST u n i ts  f o r  the  14 
calves  o f  Group 3,  which had the lowest mean incidence o f  d ia rrhoea  
during the f i r s t  four  weeks o f  l i f e  of  1 .7  days per c a l f .  Group 7 
which had the h ighest inc idence o f  d iarrhoea  had a mean serum 
co n c e n tra t io n  of  absorbed immunoglobulins o f  2 5 .4 4  ^ 10 .35  ZST u n i t s .
The mean ZST values o f  a l l  th re e  subgroups in Group 12 were lower than 
the  corresponding means in Groups 10 and 11,  The low values o f  
subgroups D and E, which made the  major c o n t r i b u t i o n  to  the low o v e r a l l  
mean o f  Group 12,  can be exp la in ed  in terms o f  delayed and i n s u f f i c i e n t  
fe ed ing  o f  colostrum. C a l f  144 (subgroup 0) was born to  an 18-month-  
o ld  h e i f e r  and req u i red  c o n s id era b le  t r a c t  ion,which may have depressed  
the e f f i c i e n c y  o f  absorp t ion  through increased c i r c u l a t i n g  s t e r o id  
lev e l  s.
The r o l e  o f  c i r c u l a t i n g  immunoglobulins In e n t e r i c  disease  
has yet  to  be f u l l y  d e f in e d .  P a r e n t e r a l l y  adm in is te red  c o lo s t r a l  whey 
or  gammaglobulin p re p ara t io n s  have l i t t l e  in f lu e n c e  on the outcome o f  
the d ia r r h o e i c  syndrome, but they w i l l  prevent  c o l is e p t ic a e m ia  (Fey 
and o th e r s ,  1963; Wi l loughby and o t h e r s ,  1970; Logan and Penhale ,
197 1a ) .  Experimental  evidence suggested t h a t  p a ss iv e ly  t r a n s f e r r e d  
c o lo s t r a l  an t ibody  a g a in s t  r o t a v i r u s  was not p r o t e c t i v e  in the  c a l f ,  
or  the lamb (Woode and o t h e r s ,  1975: Snodgrass and W e l ls ,  1976 ) .  In
c o n t r a s t  Macnulty and o thers  ( 1976) demonstrated t h a t  ca lves  w i th  high  
c i r c u l a t i n g  l e v e l s  o f  absorbed immunoglobulins were pro tec ted  a g a in s t  
r o t a v i r u s  i n f e c t i o n  and l a t e r  t h i s  was a ls o  confirmed in lambs 
(Snodgrass and W e l l s ,  1 97 8 ) .  A s i g n i f i c a n t  n e gat ive  c o r r e l a t i o n  has 
been demonstrated between the  serum immunoglobulin concen tra t io n s  and 
the  mean d a i l y  fa eca l  output (F isher  and de la  Fuente ,  1972; F is h e r ,  
M a r t i n e z ,  T r a l n i n  and Meirom, 1975 ) .
I t  has been suggested t h a t  th e re  is a ne g at ive  c o r r e l a t i o n  
between serum immunoglobulin concentra t ions  and m o r t a l i t y  from 
sa lm one l los is  ( i r w i n ,  1974; F isher  and o th e rs ,  1976) but no such 
r e l a t i o n s h i p  could be demonstrated In the  outbreak o f  s a lm one l los is  
which a f f e c t e d  Group 10.  A lso ,  th e re  was no c o r r e l a t i o n  between 
e i t h e r  the f l a g e l l a r  or somatic t i t r e s  of  the serum samples c o l l e c t e d  
a t  48 hours o f  age and the  48-hour  serum concentra t ions  of  absorbed  
immunoglobulins.  On the  basis o f  f i v e  experimenta l  c a lv e s ,  F isher  
and others  (1976) suggested t h a t  p r o te c t io n  a g a in s t  neonatal  sa lm o n e l lo s is
176
from absorbed c o lo s t r a l  immunoglobulins was n o n - s p e c i f i c  and was 
dependent on high c i r c u l a t i n g  c oncentra t ions  o f  IgM. C e r t a i n l y  as 
sa lm one l los is  in calves  is i n v a r i a b ly  sept icaemlc  (Smith and H a l l s ,
1968b) the importance o f  the  IgM c lass  of  immunoglobulins is not 
unexpected (Hobbs, 1 974 ) .
One o f  the  outs tand ing  c l i n i c a l  signs o f  severe neonatal  
diarrhoea  in the c a l f  is loss o f  weight (B la x te r  and Wood, 1953;
Dalton and o th e r s ,  I 96O; F isher  and de la  Fuente,  1972; F isher  and 
M a r t i n e z ,  1975b).  In the  present experiments loss o f  weight or  
f a i l u r e  to gain weight on ly  occurred over a short  per iod when d ia r rh o ea  
was marked. Excluding the  ca lves  a f f e c t e d  by s a lm o n e l lo s is ,  only one 
c a l f  ( 151) l o s t  weight over the  f i r s t  28 days o f  l i f e  and i t  was 
i n t e r m i t t e n t l y  p ro fu s e ly  d i a r r h o e i c  from f i v e  days o f  age.  Under more 
c o n t r o l l e d  ph y s io lo g ic a l  experiments  F isher  and M a r t in e z  (1975b) were  
unable to  demonstrate any s i g n i f i c a n t  d i f f e r e n c e  between the weight  
gains o f  d ia r r h o e ic  ca lves  which survived and h e a l th y  n o n -d ia r rh o e îc  
c a lv e s ,  a l though a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  in weight gains was 
shown between d i a r r h o e i c  ca lves  which died and the  h e a l th y  non-  
d i a r r h o e i c  c a lv e s .  In seven o f  the e ig h t  groups o f  ca lves  th e re  was 
no c o r r e l a t i o n  between the  t o t a l  faeca l  score over the f i r s t  28 days 
o f  l i f e  and weight gained dur ing t h a t  p e r io d .  In Group 12 th e re  was 
a negat ive  c o r r e l a t i o n  between these two parameters ( p < 0 . 0 5 )  but even 
in t h i s  group the mean weight  gain  over the f i r s t  28 days was cons ide ra b ly  
higher  than t h a t  o f  Group 7. Excluding Group 10,  Group 7 which had 
the h ighest  mean incidence o f  d ia rrho ea  a lso  had the lowest mean weight  
gain  during the  f i r s t  28 days o f  l i f e  a t  8 .7 4  -  5 .5 6  kg.
The h ig h ly  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between the  
volume o f  m i lk  consumed and the d a i l y  l i v e w e ig h t  ga in  f o r  the 14 calves  
of  Group 8 has demonstrated t h a t  in s i t u a t i o n s  where the Inc idence o f  
diarrho ea  is low, the major c o n s t r a i n t  to  growth is the amount o f  food  
consumed, Roy and o thers  (1958) c a lc u la t e d  t h a t  the  volume o f  whole 
m i l k  requ ired  fo r  maintenance o f  body weight was 2 .15  to  3 .3 4  l i t r e s  
per day f o r  ca lves  whose i n i t i a l  b i r t h  weight  v a r ie d  from 27 .3  to  4 5 . 4  kg.  
For calves  of  s i m i l a r  body weight  the  volume o f  r e c o n s t i t u t e d  s y n t h e t ic  
m i lk  employed in t h e i r  exper iments re qu ire d  to  m a in ta in  body weight  
va r ie d  from 1 .77  to 2 .8 9  l i t r e s .  In the present  study,  by 
e x t r a p o l a t i o n ,  the volume o f  r e c o n s t i t u t e d  m i lk  s u b s t i t u t e  re q u i re d  to
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m ain ta in  body weight was 3*41 l i t r e s .  This value compares not 
unfavourably  w i th  the f ig u r e s  o f  Roy and others  (1958) given the  
v a r i a t i o n  in body w eigh ts .  V a r ia t io n s  in both the f a t  and 
carbohydrate  content o f  the  m i lk  s u b s t i t u t e  powder may a ls o  have 
c o n t r ib u te d  to  the d i f f e r e n c e  in v a lu e .  I t  has a ls o  been suggested 
t h a t  ca lves  o b ta in in g  m i lk  s u b s t i t u t e  from automatic  feeders  have poor 
weight gains and reduced e f f i c i e n c y  of  food conversion in comparison 
w ith  calves  on bucke t - fe ed in g  to  a p p e t i t e  tw ice d a i l y  (Bakker,  1967,
C i te d  by Roy, 1977 ) .
The suggestion t h a t  over feed ing  w i th  m i lk  during the neonatal  
per iod is l a r g e l y  anecdotal  (B la x te r  and Wood, 1953; I n g l i s ,  I 9 6 0 ;  
Loosemore, 1964) but Roy and o thers  (1958) put forward experimental  
evidence to  show t h a t  th e r e  was a tendency f o r  a higher  incidence of  
d iarrhoea  to  occur in calves  consuming g re a t e r  volumes of  m i l k ;  as 
did  Wise and La Master (1968) and Leaver and Yarrow (1972 ) .  However,  
Mylrea  (1966) demonstrated t h a t  ca lves  between nine and 38 days o f  age 
could consume up to  26 per cent o f  t h e i r  body weight d a i l y  o f  whole 
m i lk  o f f e r e d  ad l i b  w i th o u t  being predisposed to  d ia r r h o e a .  In the  
present  study c a l f  82 consumed a mean o f  1 3 .64  l i t r e s  per day but had a 
t o t a l  28 -day faeca l  score o f  11 and c a l f  87 consumed a mean o f  11.02  
l i t r e s / d a y  w i th  a 28-day faecal  score of  only 12.
There is l i t t l e  doubt t h a t  the use o f  m i lk  s u b s t i t u t e  powders 
is more l i k e l y  to predispose calves  to  d ia rrhoea  than whole m i lk  (Roy 
and o th e r s ,  1955b; Shi 11am, Roy and Ingram, 1962a) and th a t  the d r ie d  
skim m i lk  powder is the c o n s t i t u e n t  responsib le  f o r  t h i s  increased  
inc idence o f  d ia r r h o e a .  The more severe the heat trea tm ent  of  skim 
m i l k  p r i o r  to spray dry ing  the g r e a t e r  the d én atu ra t io n  o f  the p ro te in  
and the higher  the inc idence o f  d iarrhoea  (Shi 11am and o th e rs ,  1962b; 
1962c ) .  The severe heat t re a tm ent  of  the skim m i lk  a l t e r s  the c l o t t i n g  
p r o p e r t ie s  of  the r e c o n s t i t u t e d  m i lk  s u b s t i t u t e  powder and r e s u l t s  in 
increased amounts o f  undigested p ro te in  n i t ro g e n  passing from the  
abomasum in to  the duodenum (Tagari  and Roy, 1969) .
The v o lu n ta ry  in take  o f  m i l k  s u b s t i t u t e  suppl ied frcxn an 
automatic  c a l f  feeder  appears to  be d i r e c t l y  r e la t e d  to  the dry m a t te r  
content  o f  the m i lk  suppl ied  as Hafez and Lineweaver (1968) noted th a t  
both the frequency o f  suck l ing  and the  t ime spent suck l ing  decreased  
on increas ing  the dry m a t te r  content o f  r e c o n s t i tu t e d  m i lk  s u b s t i t u t e s .
1
The dry m at te r  content o f  m i lk  s u b s t i t u t e  supplied by the  automatic  
c a l f  feeder  used in the present experiments was not monitored but one 
study has shown t h a t  dry m a t te r  content o f  the m i lk  s u b s t i t u t e  
fu rn is h ed  by an automatic  feeder  designed to  supply m i lk  a t  8 .5  per cent  
dry m a t te r  v a r ie d  from 1 .3  per cent to  24 ,7  per cent (Riggot and 
Quarmby, 1971 ) .  O ccas iona l ly  in the present study the m i lk  powder 
became bridged in the  ho ld ing hopper of  the feeder  r e s u l t i n g  in the  
calves  being suppl ied w i th  warm w a t e r .
Hafez and Lineweaver (1968) recorded t h a t  Hereford and 
H o ls te in  c a lv e s ,  aged one to  s ix  weeks and penned alone  or in p a i r s ,  
suckled a N urs e t te  feeder  on average 12.3  (Hereford) and 2 3 .4  (Ho ls te in )  
times per day.  S i m i l a r l y ,  Stephens (1974 ) ,  who observed groups of. 15 
F r ie s ia n  bu l l  calves  on a N u rse t te  automatic  feeder  fo r  a th re e  hour 
per iod  between 2 and 5 p.m. tw ice  weekly recorded t h a t  each of  his  
observed calves  suckled between f i v e  and seven times per s ix  hours.
I f  these th ree  hour o bserva t ion  per iods were r e p r e s e n t a t i v e  o f  the  
whole day, an assumption which is not n e c e s s a r i ly  t r u e ,  Stephen's  
calves  would have been suck l ing  20 -28  times per day,  f ig u r e s  comparable 
w ith  those o f  Hafez and Lineweaver but considerab ly  h igher  than the  
seven to  11 times per day recorded in the  present  o b s e rv a t io n s .  The 
natura l  suck l ing  a c t i v i t y  o f  ca lves  has been stud ied  on several  
occasions and the  recorded number o f  suckl ing cyc les per 24 hours has 
been remarkably s i m i l a r  w i th  means o f  four  to  e ig h t  suck l ing  cycles  per 
day. The average d u ra t io n  of  each suckl ing cyc le  recorded in these  
stud ies  was approx im ate ly  n ine minutes (Peterson and Wool f o l k ,  1955;  
W alker ,  1962; Hutchison, Woof, Mabon, Sal eke and Robb, 1962; Hafez  
and Lineweaver ,  1968; Ewbank, 1969)»
One o f  the most i n t e r e s t i n g  f in d in g s  during the present  
observations was the marked reduct io n  in suckl ing a c t i v i t y  between 2 a.m, 
and 6 a.m. when most o f  the t ime was spent e i t h e r  re s t in g  or rum ina t ing .  
This  reduct ion  in a c t i v i t y  occurred desp i te  the cond i t ions  o f  continuous  
i l l u m i n a t i o n .  A s i m i l a r  but less  marked and less  c o n s is ten t  l u l l  in 
a c t i v i t y  occurred during  the  a f te rn o o n ,  Hafez and Lineweaver (1968) 
f a i l e d  to  note any d iurna l  v a r i a t i o n  in the suck l ing  a c t i v i t y  o f  t h e i r  
c a lv e s ,  and postu la ted  th a t  t h i s  may have been due to the ca lves  being 
mainta ined under continuous i l l u m i n a t i o n .  Observations on natura l  
suck l ing  behaviour have shown t h a t  peaks of  suck l ing  a c t i v i t y  occur a t  
approximate ly  s ix  hour i n t e r v a l s ,  but two major suck l ing  per iods occur
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around midnight and a t  approximate ly  5 a.m. Observing 22 beef cows 
and c a l v e s , i n  New Z e a la n d ,a t  g r a s s , f o r  ten 24 hour periods between 
August and February ,  Walker (1962) recorded only e ig h t  suckl ing episodes  
between 1.30  a.m. and 3 a .m . ,  and s ix  o f  the e ig h t  times occurred when 
the calves  were very young. During the present observations the t ime  
of  maximum suckl ing a c t i v i t y  took place  between 5 a.m. and 8 a.m.
Not s u r p r i s i n g l y ,  Hafez and Lineweaver (1968) found th a t  
calves  consuming m i lk  o f  19 .5  par cent dry m at te r  gained weight more 
q u ic k ly  than calves suppl ied  w i th  m i lk  o f  6 .5  per cent dry m a t te r ;  
even a lthough the calves  fed the 6 .5  per cent  dry m a t te r  m i lk  suckled  
more f r e q u e n t ly  in an a ttempt to  s a t i s f y  t h e i r  dry m at te r  in take  
requirement.  Other workers (Walker,  1962; Ewbank, 1969) f a i l e d  to  
f i n d  any c o r r e l a t i o n  between the  number o f  suck l ing  cyc les and d a i l y  
l i v e  weight gain of  calves  suck l ing  cows n a t u r a l l y .  Hutchison and 
others  (1962) who s tud ied  Zebu cows and calves In Tanganyika found 
t h a t  calves  which suckled more f r e q u e n t l y ,  had poorer l i v e  weight g a in s ,  
but made the comment t h a t  these p a r t i c u l a r  calves  were nursed by cows 
who were y i e l d i n g  very l i t t l e  m i l k ,  and th is  increased frequency o f  
suck l ing  was a response to  hunger.
Salmonel losis  in calves  is recognised as an important and 
i n c re a s in g ly  widespread problem- in B r i t a i n  (Hughes, Gibson, Roberts ,  
Davies ,  Davies and Sojka ,  1971 ) ,  but only  a few d e t a i l e d  c l i n i c a l  
d e s c r ip t io n s  o f  outbreaks have been published (C ra ig ,  Davies and 
Massey, 1941; Rankin,  Newan and T a y lo r ,  1967; Nazer and Osborne,
1 97 7 ) .  The major c l i n i c a l  f e a tu r e s  which d i f f e r e n t i a t e d  the outbreak  
o f  S. e n t e r i t i d i s  i n f e c t i o n ,  which a f f e c t e d  the calves  of  Group 10,  
from other  forms o f  neonatal  d ia rrhoea  were high f e v e r ,  l e t h a rg y  and 
inappetence.  Eleven days a f t e r  the death o f  the f i r s t  c a l f ,  f i v e  o f  
the 14 calves  had re c ta l  temperatures In excess o f  106°F and the mean 
r e c t a l  temperature o f  a l l  14 calves  was 1 0 4 .9^F. Over the next 14 
days the mean re c t a l  temperature  g ra d u a l ly  f e l l  to normal.  The mean 
r e c t a l  temperatures o f  the l a s t  fo ur  calves which died were cons iderab ly  
h igher  than th a t  o f  the s u rv iv o rs .  ' On the day o f  maximum p y r e x ia ,  the  
group as a whole was almost complete ly  in a ppeten t ,  w i th  very l i t t l e  
m i lk  powder being consumed. The o the r  s t r i k i n g  c l i n i c a l  f e a t u r e  was
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l e t h a r g y  and d u l ln e s s ,  not only  o f  the calves  which e v e n t u a l l y  died but 
a ls o  o f  those which s u rv iv ed .  Dysentery was never recorded d e sp i te  
c a re fu l  d a i l y  c l i n i c a l  e xam inat ion ,  al though t h i s  is commonly assoc ia ted  
w i th  the  disease in ca lves  (Gibson, 1961; Hughes and o th e r s ,  1971;  
Richardson, 1975 ) .
Weight loss was p a r t i c u l a r l y  marked in those ca lves  which 
d ie d ,  probably from a combination o f  d ia r rh o e a ,  e s p e c i a l l y  in the  case 
o f  c a l f  115 which was p ro fu s e ly  d ia r r h o e i c  f o r  seven days, and 
inappetence or i n a b i l i t y  to  compete f o r  the s in g le  t e a t  on the automatic  
fe e d e r .  Of the ten s u rv iv in g  c a lv e s ,  the l i v e w e ig h t  gains were poor 
and indeed, weight  loss was severe in some cases.  This  was best  
i l l u s t r a t e d  by c a l f  116,  which weighed 39 .3  kg a t  b i r t h ,  but g r a d u a l ly  
l o s t  weight over the f i r s t  th r e e  weeks of l i f e ,  u n t i l  a t  24 days o f  age 
I t  weighed only 34.1 kg.  However, by 28 days o f  age i t s  weight had 
increased to  35 .5  kg a lthough i t  did not regain  i t s  b i r t h  weight u n t i l  
i t  was 46 days o ld .
Two days before  the  day of  maximum pyrex ia  and nine days 
a f t e r  the death o f  c a l f  115 $ .  e n te r  i t  id !s  was is o la t e d  from only  fo u r  
c a lv e s ,  but four  days l a t e r ,  the organism was is o la te d  from 11 c a lv e s .
On the next two sampling days ten o f  14 ca lves  and ten o f  12 ca lves  had 
p o s i t i v e  re c ta l  swabs. T h e r e a f t e r  the  faeca l  e x c r e t io n  o f  the organism 
f e l l  o f f  d r a m a t i c a l l y ,  w i th  on ly  one c a l f  having p o s i t i v e  r e c t a l  swabs 
16 and 19 days a f t e r  the day o f  maximum p y r e x ia .  Thus,  in t h is  
outbreak ,  S, e n t e r i t i d i s  i n f e c t i o n  behaved in a manner s i m i l a r  to  t h a t  
descr ibed f o r  S. dub l in  i n f e c t i o n  ( F i e l d ,  1959; Osborne and o t h e r s ,  
1974) w i th  the calves  a p p a re n t ly  c le a r in g  themselves o f  I n f e c t i o n  
co m p le te ly .
I f  one accepts the  suggestion t h a t  a s i g n i f i c a n t  f l a g e l l a r  
t i t r e  is o n e . in  excess o f  1 /320  (Clarenburg and V ink ,  1949; F i e l d ,
1959; Sojka and o th e r s ,  19 7 4 ) ,  then only  two of  the s u rv iv in g  ten  
calves  could r e t r o s p e c t i v e l y  be considered as d e f i n i t e l y  having been 
i n fe c te d  w i th  S. e n t e r i t i d i s . Only th ree  calves  developed a n t ib o d ie s  
to  the f l a g e l l a r  an t igens  in t h e i r  convalescent  sera but on each 
weekly sampling day only  one c a l f  had an a g g l u t i n a t io n  t i t r e  o f  1/320  
or above. The h ighest  f l a g e l l a r  a g g l u t i n a t io n  t i t r e  encountered was 
1 /5120 found in a serum sample c o l l e c t e d  from c a l f  112 s h o r t l y  be fore
i t  died a t  35 days o f  age.  This  o bserva t ion  would support the view  
of  Osborne and o thers  (1974) th a t  high a g g l u t i n i n  t i t r e s  a re  merely  
evidence o f  past i n f e c t i o n  and are  not n e c e s s a r i ly  an i n d i c a t i o n  of  
re s is t a n c e .
The source o f  the I n f e c t i o n  was never p o s i t i v e l y  i d e n t i f i e d .  
However, as the main source o f  I n f e c t i o n  fo r  ca lves  would appear to  be 
the a d u l t  c a r r i e r  cow ( F i e l d ,  1959; Thomas and Harbourne,  1972;  
Richardson,  1973 ) ,  and as f i v e  o f  the 15 dams had serum f l a g e l l a r  
t i t r e s  o f  1 /320 or  g r e a t e r ,  i t  is pos s ib le  t h a t  one o f  the dams was a 
n o r i - c l in ic a l  e x c r e t o r .  The most l i k e l y  source of  the  i n f e c t i o n  was 
cow 108 which had a serum f l a g e l l a r  t i t r e  of  1/1280  a t  p a r t u r i t i o n .
I t s  c a l f  had a ls o  shown episodes of  d u l ln e s s ,  l e t h a r g y  and i n t e r m i t t e n t  
d ia rrho ea  from an e a r l y  age.  I t  is e q u a l ly  poss ib le  th a t  c a l f  115,  
which was born in the byre which held cow 108 and the o ther  s e r o p o s i t i v e  
cows, may have become in fe c t e d  immediately a f t e r  b i r t h  as a r e s u l t  of  
being born in to  a contaminated environment.  i n f e c t i o n  would then have 
g r a d u a l ly  b u i l t - u p  in the re a r in g  accommodation through contamination  
o f  co a ts ,  bedding,  or the s in g le  t e a t  on the a utom at ic  fe eder  (Osborne 
and o t h e r s , 1974 ) .
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In t  roduct ion
T i s e l l u s  and Rabat (1939) c l e a r l y  demonstrated t h a t  an t ibody  
a c t i v i t y  res ided w i t h i n  the  gammaglobulin f r a c t i o n  o f  serum. L a te r  
Smith and Holm (Smith,  1946; Smith and Holm, 1948) showed t h a t  ant ibody  
a c t i v i t y  o f  bovine serum and colostrum was a ls o  c lo s e ly  assoc ia ted  w i th  
the  gammaglobulin component. Advances in p ro te in  b iochemistry  have 
perm it ted  the  i d e n t i f i c a t i o n  o f  a t  l e a s t  four  p ro te in  f r a c t i o n s  w i th  
immune a c t i v i t y  in bovine serum and se c re to ry  f l u i d s  (Murphy, Aalund 
and Osebold,  1965; P ierce  and F e i n s t e i n ,  1965; Mil s t e in  and F e i n s t e i n ,  
19 6 8 ; B u t le r ,  196 9 ; Mach, Pahud and I s l i l c e r ,  1 969 ) .
The basic  immunoglobulin s t r u c t u r e  consis ts  o f  four  
po lypept ide  chains ,  two heavy chains and two l i g h t  chains held toge the r  
by d is u lp h id e  bonds. Each immunoglobulin c lass  has ant I g e n i c a l 1 y 
d i s t i n c t  heavy chains .  The l i g h t  chains can be d iv id e d  In to  two groups,  
e i t h e r  kappa or  lamda, which are  immunogenical1 y d i s t i n c t .  A l l  
immunoglobulin c lasses have e i t h e r  kappa or lamda l i g h t  chains ,  but 
each immunoglobulin molecule  has only  one type o f  l i g h t  chain ( R o i t t ,
1 974) o
At a symposium h e ld  in 1970,  a nomenclature,  based on the  
W.H.O. nomenclature f o r  human Immunoglobulins (WHO, 1 96 5 ) ,  was proposed 
f o r  the immunoglobulins o f  the domesticated bovldae ( B u t l e r ,  W in te r  and 
Wagner, 1 97 1 ) .  The major ant I g e n i c a l 1 y d i s t i n c t  classes of  
immunoglobulins.  I d e n t i f i e d  by the  heavy chain de te rm ina nts ,  were 
accepted as IgG, a heterogeneous group o f  Immunoglobulins c o n s is t in g  
predominately  o f  IgG  ^ and IgG^, IgA and IgM, The term f r e e  s ec re to ry  
component was a ls o  proposed f o r  the small p r o te in  molecu le ,  bovine  
g l y c o p r o t e l n - a .  There is evidence t h a t  a bovine homocytotropic  
immunoglobulin analogous to  human IgE a lso  e x is t s  (Wells and Eyre,
I 97O; Hammer, Kickhofen and Schmid, 1971; Doyle,  1972; J a r r e t t ,  1 97 3 ) .
In the  normal a d u l t  cow the c o n ce n tra t io n  o f  IgG in serum 
is approximate ly  20 mg/ml (B u t le r  and o th e rs ,  1971) w i th  subclass IgG  ^
accounting f o r  s l i g h t l y  more than h a l f  o f  the t o t a l  IgG ( B u t l e r ,  1969;  
Nansen, 1970; Mach and Pahud, 1971 ) .  Both IgG^ and IgG^ molecules
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have the basic  immunoglobulin s t r u c t u r e ,  s im i l a r  sedimenta t ion  
c o e f f i c i e n t s  of  6 .5 -7 S  and equal molecular  weights o f  approximate ly
150,000 -  163,000  dal tons (B u t le r  and o th e rs ,  1971 ) .  Minor d i f f e r e n c e s  
in the amino acid  sequences o f  the C te rminal  ends o f  the heavy chains  
e x i s t  between the two sub-c lasses;  a th reonine  residue on the heavy 
chain o f  IgG  ^ being replaced by a methionine  residue on the heavy chain  
o f  IgG^ (Mil s te in  and F e i n s t e i n ,  196 8 ) .  IgG^ c a r r i e s  a g r e a t e r  net  
p o s i t i v e  charge than IgG^ and thus migrates  more s lowly  towards the  
anode o f  a basic agar gel e l e c t r o p h o r e t i c  f i e l d  than IgG^. The 
molecules of  both sub-c lasses  conta in  2 -3  per cent carbohydrate  (B u t le r  
and o th e rs ,  1971 ) .  An examinat ion o f  11 breeds o f  c a t t l e  revealed t h a t .  
In a high p ropor t ion  o f  an imals ,  the heavy chains of  1gG^ carry  an 
a l l o t y p e  A1, absent from the  heavy chains of  IgG  ^ (B la kes lee ,  B u t le r  
and Stone, 1971) .  Using a r a d i o - l a b e l l e d  isotope technique,  Nansen 
( 1970) c a lc u la t e d  the h a l f - l i v e s  o f  bovine IgG  ^ and to  be 9 .6  and
1 7 .7  days r e s p e c t i v e l y ,  but in four  animals less than 10 months o ld ,  
Pedersen (1973) recorded h a l f - l i v e s  of  21 .3  and 2 4 .6  days fo r  IgG  ^ and 
IgG^ r e s p e c t i v e l y ,  Sasak i ,  Davis and Larson (1976 ) ,  a ls o  employing 
isotope  l a b e l l e d  techniques found th a t  the h a l f - l i f e  o f  IgG^ in cows was 
reduced to 4 . 6  days in the  per iod  immediately before  and a f t e r  
p a r t u r i t i o n .  During the same per iod the h a l f - l i f e  o f  ^9^2 12.1
days.  MacDougall and M u l l ig a n  ( I 969) determined the h a l f - l i f e  of  
r a d i o - l a b e l l e d  IgG  ^ in calves to  be 18 days. C a lc u la t io n s  o f  the  
h a l f - l i f e  o f  IgG from the decrease in absorbed c o lo s t r a l  IgG have 
u s u a l ly  given values of  16 to  32 days (Husband, Brandon and L a s c e l l e s ,  
1972; P o r t e r ,  1972; Logan, Penhale and Jones, 1973; Sasaki and o th e r s ,  
1977a) .
Although bovine IgG^ and IgG^ a re  r e la t e d  immunogenical1 y and 
phy s ic o -c h e m ic a l ly ,  they d i f f e r  in many b io lo g ic a l  fu nc t ions  and 
a c t i v i t i e s .  V a r ia t io n s  have a ls o  been noted in the b io lo g ic a l  
fu n c t io n s  o f  the two ovine and capr ine  IgG s u b-c lasses ,  and in these  
species the IgG sub-c lasses have been the sub ject  o f  more d e t a i l e d  
s tud ie s  than bovine IgG^ and IgG^.
One o f  the  major d i f f e r e n c e s  between bovine IgG^ and IgG^ 
is  the s e l e c t i v e  t r a n s f e r  and accumulation o f  IgG^ in colostrum which 
occurs in the  l a t e  stages o f  g e s t a t io n  (Murphy, Aalund, Osebold and 
C a r r o l ,  1964; P ierce  and F e i n s t e i n ,  1965; Sasaki and o th e rs ,  1976 ) .
Only the IgG^ sub-c lass  is a c t i v e  in complement mediated reac t io n s
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(F e in s te in  and Hobart ,  1969; Pearson and L loyd ,  1972; Beh, 1973 ) ,  A 
s i m i l a r  f in d in g  has a ls o  been noted f o r  ov ine IgG  ^ (F e in s te in  and Hobart ,  
1969; Rhee, Broad and Jonas,  1970.; Esteves,  Sant 'anna,  dos Santos Annes 
and B inagh i ,  1974; G ran t ,  Adams and M i l l e r ,  1975; Stevenson and E l l i o t t ,
1978) and capr ine  igG  ^ (Micusan and Borduas, 1977 ) ,  However F e in s t e in  
and Hobart  (1969) presented evidence to  suggest th a t  ov ine  19^2 may be 
a b le  to  f i x  homologous complement a t  p hy s io log ica l  c o n c e n t ra t io n s .
The production o f  sub-c lass  IgG  ^ a n t i - h a p t e n  and a n t i - c a r r i e r  
a n t ib o d ie s  in sheep and goats is much more rap id  and r e s u l t s  in h igher  
serum concentra t ions  than sub-c lass  IgG^ a n t ib o d ie s  (MargnI,  C as tre los  
and Paz,  1973; Micusan and Borduas-, 1977).  S i m i l a r l y  in sheep 
e x p e r im e n t a l ly  in fe c t e d  w i th  Fasc io la  hepat îca  serum a n t ib o d ie s  of  the  
IgG^ sub-c lass  to  the p a r a s i t e  appeared more q u ic k ly  and reached h igher  
concentra t ions  than those o f  the 1982 sub-c lass  (M ovsesi jan,  Jovanovic,  
Aalund and Nansen, 1975 ) .  There is a tendency fo r  the c o n c e n tra t io n  
o f  sub-c lass  igG2 a n t ib o d ie s  to  s p e c i f i c  ant igens  to increase  as the  
co n ce n tra t io n  o f  sub-c lass  IgG  ^ a n t ib o d ie s  d ec l in es  (Margni and o th e r s ,
1973) and W i l l ia m s  and Green (1976) reported t h a t  the  serum c o n ce n tra t io n  
o f  bovine IgG^ increased around the  t ime o f  p a r t u r i t i o n ,  a per iod when 
the  serum co n c e n tra t io n  of  IgG  ^ is lowest.
Both classes o f  ovine  and capr ine  IgG a re  involved in 
haem agglut ina t ion  re ac t io n s  but IgG  ^ is much more e f f i c i e n t  (Kaplan and 
Freeman, 1971; Esteves and o t h e r s ,  1974; Micusan and Borduas, 197 7 ) ,  
Ant ibod ies  o f  the IgG  ^ sub-c lass  produce hetero logous passive cutaneous  
a n a p h y la c t ic  and reverse  Arthus reac t ions  but only  sub-c lass  9^^2 
a n t ib o d ie s  are  capable  o f  producing homologous passive  cutaneous  
anaphylax is  (Esteves and o t h e r s ,  1974; Micusan and Borduas,  1 977 ) .  
Although i t  is known t h a t  an igG antibody produces homologous passive  
cutaneous anaphylaxis  in the mouse, ra t  and guinea pig (Spiegel  berg,
1 974 ) ,  the p o s s i b i l i t y  t h a t  the sheep and goat igGg f r a c t i o n s  employed 
by both Esteves and others  (1974) and Micusan and Borduas (1977) were  
contaminated w i th  IgE ant ibody  cannot be over looked.
In a study o f  sheep a n t ib o d ie s  produced in response to  
guinea pig Bence-Jones p r o t e i n ,  Stevenson and E l l i o t t  (1978) found t h a t  
only  an t ibody  of  sub-c lass  1982 mediated K - c e l 1 c y t o x i c i t y .  E a r l i e r ,  
G ra n t ,  Adams and M i l l e r  (1975) repor ted  t h a t  ov ine K - c e l 1 dependent 
c y t o t o x ic  ant ibody  was mediated by both IgG^ and IgG^ sub-c lasses .
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In both goats and sheep macrophage c y t o p h i l î c  a c t i v i t y  appears to  be 
confined to  the  IgG^ sub-c lass  (Watson, 1976; Borduas and Micusan,  
1977)0  These c y t o p h i l î c  a n t ib o d ie s  are  considered to f u l f i l  the
fu n c t io n  o f  o pson isa t ion  (Spiegel  b e r g , 1974 ) .  Nansen (1970) noted
t h a t  cows w i th  pyogenic in f e c t io n s  had increased synthes is  and h igher  
serum c oncentra t ions  o f  IgGg than normal c o n t r o ls .  In a f u r t h e r  study  
(Nansen, 1972) i t  was found t h a t  14 per cent o f  a group o f  93 cows w i th
primary pyogenic in f e c t i o n s  were igG^ d e f i c i e n t  compared w i th  only  1
per cent o f  100 cows which had n o n - in f e c t io u s  c o n d i t io n s .  I t  has a ls o  
been found t h a t  whereas no v a r i a t i o n  in serum concentra t ions  o f  IgG^ 
occurs w i th  age,  d a i r y  cows over s ix  years o ld  have s i g n i f i c a n t l y  
higher  serum concentra t ions  o f  IgG^ than cows less than s ix  years  o ld  
( W i l l i a m s ,  Maxwell and Spooner, 1975 ) .
The wide d i f f e r e n c e s  in b i o lo g ic a l  a c t i v i t y  between ovine  
IgG^ and IgG^ led Esteves and others  (1974) to doubt i f  they ought to  
be c l a s s i f i e d  to g e th e r  d e s p i te  t h e i r  physico-chemical  s i m i l a r i t i e s .
Bovine IgA was f i r s t  i s o la te d  and c h a ra c te r is e d  by Mach,
Pahud and I s l i k e r  in 1969 (Mach and o th e r s ,  1 969 ) ,  a l though an 
Immunoglobulin w i th  an immunoelectrophoretic  p o s i t io n  corresponding to  
human IgA had been noted before  t h a t  by o ther  workers (Murphy and 
o th e r s ,  1964; Murphy and o t h e r s ,  1965; Gough, Jenness and Anderson,  
1966) and the i d e n t i f i c a t i o n  o f  a 108 g lo b u l in  in bovine serum had been 
descr ibed ( S u l l i v a n ,  Prendergast ,  Antunes, S i l v e r s t e i n  and Tomasi,  
1969) .  The co n cen tra t io n  o f  IgA in the serum of  a d u l t  cows is 
approx im ate ly  0 .3  mg/ml (Mach and Pahud, 1 971 ) .
Although bovine igA has the basic  immunoglobulin s t r u c t u r e  
w ith  a sedimenta t ion c o e f f i c i e n t  o f  7S, a high p ro por t ion  o f  bovine  
serum IgA e x i s t s  in the d im er ic  form ( B u t le r ,  1971; Mach and Pahud,
19 7 1 ) ,  the two basic  7S molecules being jo in e d  by a c y s t e i n e - r i c h  
p o lypept ide  J chain (Morrison and Koshland, 1972; Komar, Abson and 
Mukkur, 1 975 ) ,  J chain  is necessary f o r  the in v iv o  p o ly m er isa t io n  
of  IgA (Parkhpuse and D e l la  C or te ,  1973 ) .  Bovine secre to ry  IgA, an 
IgA dimer a t tac hed  to  one molecule  o f  sec re to ry  component and normally  
secreted a t  mucous s u r fa ce s ,  has a sedimenta t ion  c o e f f i c i e n t  o f  I I S  
and a molecular  weight o f  385 ,000  dal tons (B u t le r  and o th e rs ,  1971 ) .  
U n l ik e  many o th e r  spec ies ,  about 20 per cent o f  the  IgA in bovine
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serum is s ecre to ry  IgA (Mach and Pahud, 1971 ) .  The carbohydrate  
content  o f  the IgA molecule is between s ix  and ten per cent (B u t le r  and 
o th e rs ,  1971) and the h a l f - l i f e  o f  bovine serum IgA, c a lc u la t e d  from the  
d e c l in e  in plasma concentra t ions  o f  absorbed c o lo s t r a l  IgA, is 
approximate ly  th ree  days (Husband and o th e rs ,  1972; P o r t e r ,  1972; Logan 
and o t h e r s , 1973) .
IgA is known to  have a n t i - v i r a l  a c t i v i t y  in the absence of  
complement (Tomasi and Grey,  1972) and the ant I - v i r a l  a c t i v i t y  in bovine  
nasal secre t ions  to p a r a in f lu e n z a - 3  v i ru s  has been ascr ibed  to  IgA 
(Morein,  1970,  1972) .  Beh (1973) reported th a t  IgA prepared from m i lk  
whey was devoid o f  complement f i x i n g  a c t i v i t y  but had a g g l u t i n a t in g  
a c t i v i t y .  I t  has been suggested t h a t  human and porc ine secre to ry  IgA 
are  b a c t e r i o l y t i c  in the  presence o f  complement and lysozime ( A d i n o l f l ,  
Glynn, Lindsay and M i ln e ,  1966; H i l l  and P o r t e r ,  197 4 ) .  However,
Eddie,  Schulkind and Robbins (1971) f a i l e d  to  show any p o t e n t i a t i o n  o f  
the b a c t e r i o l y t i c  e f f e c t  of  lysozime on Salmonella typhimurium by r a b b i t  
se c re to ry  IgA. In most species IgA is the predominant immunoglobulin 
secreted a t  mucosal sur faces (Tomasi and Grey, 1 972 ) .  Secre tory  IgA 
a n t ib o d ie s  a re  known to  i n h i b i t  the adherence of b a c t e r ia  to  mucosal 
sur faces (W il l iams and Gibbons, 1972) and Brandtzaeg (1973) considered  
t h a t  they formed the body's " f i r s t  l i n e  o f  defense" a g a in s t  i n f e c t i o n .
Secre tory  component is a g ly c o p ro te in  w i th  a molecular  weight  
o f  75,000  dal tons and a carbohydrate  content of  f i v e  per cent (Mach,
1970 ; B u t le r  and o th e r s ,  1971 ) .  Although normally  bound to  a dimer  
o f  IgA, abundant f r e e  s ec re to ry  component is found in cow's m i l k ,  a 
common source o f  the p ro te in  (Mach, 197 0 ) .  Unbound s ecre to ry  
component has not been found in bovine serum (Mach and Pahud, 1971) .
I t  is thought th a t  s ec re to ry  component s t a b i l i z e s  the IgA molecule in 
the  presence of  denatur ing  agents and p ro tec ts  i t  from p r o t e o ly s is  
(Steward,  1971; J e r r y ,  Kunkel and Adams, 1 97 2 ) .
Brandtzaeg (1973) proposed th a t  f r e e  s ecre to ry  component was 
synthes ised in e p i t h e l i a l  c e l l s  l i n i n g  glands and con jugat ion  of  the  
s e c re to ry  component and IgA occurred w i t h in  the e p i t h e l i a l  c e l l  before  
re le a se  in to  the lumen o f  the gland.. However, in an examinat ion o f  
the IgA secre to ry  system of  the r a b b i t  mammary g land,  Kraehenbuhl ,
Racine and Galardy (1975) were unable to confirm t h a t  the con jugat ion  
o f  IgA and secre tory  component occurred w i t h i n  the e p i t h e l i a l  c e l l s .
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Bovine IgM is  a m acroglobul in  w i th  a sedimenta t ion c o e f f i c i e n t  
of  19s.and a molecular  weight  o f  9 0 0 ,0 0 0 -1 03 ,0 00  dal tons (B u t le r  and 
o t h e r s ,  1 97 1 ) .  H i s t o r i c a l l y ,  macroglobulIns  wi th  immune a c t i v i t y  were 
f i r s t  noted in the  sera o f  horses and c a t t l e  (H e id e lberger and Pedersen,  
1937; Kabat and Mayer,  1 96 1 ) .  The carbohydrate  content o f  the bovine  
IgM molecule  is 10-12 per cent (B u t le r  and o th e rs ,  1971) and the h a l f -  
l i f e ,  c a lc u la t e d  from the d e c l in e  in plasma concentra t ions  o f  absorbed 
c o lo s t r a l  IgM, is four days (Husband and o t h e r s ,  1972; P o r t e r ,  1972;  
Logan and o th e r s ,  1 973 ) .  The co n cen tra t io n  o f  IgM in a d u l t  serum is 
approx im ate ly  2 -5  mg/ml (Mach and Pahud, 1971),
As s i m i l a r i t y  in s t r u c t u r e ,  physiochemical  and immunochemical 
re ac t io n s  e x is t s  between bovine and human IgM (Mehta, R e i c h i l l n  and 
Tomasi, 1972; Beale and B u t t re s s ,  1972 ) ,  i t  can be assumed th a t  the  
bovine IgM molecule is a ls o  a pentamer , co n s is t in g  o f  f i v e  basic  7$ 
u n i ts  and a J chain (Metzger,  1970; Komar and Mukkur,  197 5 ) .  As w i th  
IgA, J chain is necessary f o r  the in v ivo  p o lym er isa t ion  o f  IgM 
(Parkhouse and D e l la  C o r te ,  197 3 ) .  A smal ler  s in g le  u n i t  7S molecule  
of  bovine IgM a lso  occurs in the serum a t  low c oncentra t ions  (But le r  
and Maxwel l ,  1972) and increased proport ions  o f  t h i s  s in g le  u n i t  form 
are  found in some protozoan diseases (Masseyeff ,  Blondel and M a t te r n ,
1972).
Ant ibod ies  o f  the IgM c lass  a re  involved in a g g l u t i n a t i o n  
re ac t io n s  (Robbins and o t h e r s ,  1 96 5 ) ,  complement f i x a t i o n  reac t ions  
(Spiegel  berg,  1974) and complement mediated c y t o t o x ic  reac t ions  (Grant  
and o th e r s ,  1975; Stevenson and E l l i o t t ,  1978 ) ,  They are  the  f i r s t  
a n t ib o d ie s  to  be synthes ised in an immune response.  Murphy, Osebold 
and Aalund (1966) in v e s t ig a te d  the  antibody response in c a t t l e  to  
Anaplasma m arg ina le  and found that,  the  e a r l y  complement mediated  
ant ibody  which f i r s t  appeared between 20-30  days p o s t - i n f e c t i o n  was 
s o le ly  IgM, Four to  f i v e  days l a t e r  complement mediated IgG  ^ a n t ib o d ie s  
were d e te c t a b le  b u t ,  even a t  the maximum response,  IgG  ^ a n t ib o d ie s  only  
accounted f o r  about one q u a r te r  of  the t o t a l  complement mediated  
a n t ib o d y .  IgM a g g l u t i n a t in g  a n t ib o d ie s  were a ls o  synthes ised e a r l y  in 
the  response but IgG a g g l u t i n a t in g  a n t ib o d ies  were not de tected  u n t i l  
approx im ate ly  18 months a f t e r  i n f e c t i o n .  The immunological response o f  
a d u l t  c a t t l e  to  contagious bovine pleuropneumonia organisms is almost  
i d e n t ic a l  (Pearson and L lo y d ,  1972 ) .  Rose and Roepke (1964) found
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th a t  the e a r l y  a g g l u t i n a t in g  an t ib o d ies  produced fo l lo w in g  B ru c e l1 a 
abortus  v a c c in a t io n  had very  high molecular  weights and were l i k e l y  to  
be igM a n t ib o d ie s .  in c o n t r a s t ,  Beh (1973) found l i t t l e  a g g l u t i n a t in g  
or complement f i x i n g  a c t i v i t y  in an IgM f r a c t i o n  prepared from the serum 
of  a cow vacc inated  16 days e a r l i e r  w i th  B. abortus s t r a i n  19.
Thus the ox has an immune system in which the  major  
immunoglobulin c lasses a re  s im i l a r  physiochem ica l ly ,  f u n c t i o n a l l y  and 
immunogen!cal1 y to  those o f  man and o ther  non-ruminant species and which 
provides i t  w i th  immunological p r o t e c t i o n .  However, d i f f e r e n c e s  
between the human and bovine immune systems e x i s t .  In man, s ec re to ry  
IgA is the major immunoglobulin secreted in colostrum (Tomasi and Grey,  
1972) whereas igG  ^ is the predominant immunoglobulin of  bovine colostrum,  
Also ,  in man, se c re to ry  igA is the major immunoglobulin secreted a t  
mucous sur faces ,  but in the ox the re s p e c t iv e  ro les  of  sec re to ry  IgA 
and IgG a t  mucous surfaces may d i f f e r .
Of a l l  the e x te rn a l  sec re t ions  of  the cow, colostrum conta ins  
the h ighest concentra t ion  o f  immunoglobulins.  As e a r l y  as 1946,  Smith 
(1946) had noted t h a t  the bovine, plasma p ro te in  f r a c t i o n  w i th  immune 
a c t i v i t y  could be separated in to  two major components; gammaglobulin,  
(IgG^ in present day t e r m in o lo g y ) ,  an e l e c t r o p h o r e t i c a l 1y -s l  ow p r o t e i n ,  
and T - g lo b u l in  (IgG^ in present day te rm in o lo g y ) ,  an el e c t r o p h o r e t ic a l  ly* 
f a s t e r  p r o t e in .  From a study on the  v a r i a t i o n  in the  m o b i l i t y  o f  these  
two plasma g lo b u l in s  and c o lo s t ra l  g l o b u l i n ,  Smith (1946) implied th a t  
immune g lo b u l in  o f  colostrum was s i m i l a r  to  T - g lo b u l i n  ( igG^) ,  I t  was 
l a t e r  shown th a t  the c o lo s t r a l  gammaglobulin was der ived  d i r e c t l y  from 
serum and th a t  w i th  approaching p a r t u r i t i o n  a marked co n ce n tra t io n  o f  
t h i s  gammaglobulin occurred w i t h i n  the  udder as compared to  o ther  serum 
p ro te in s  (Askonas and o th e r s ,  1954; Larson and G i l l e s p i e ,  1957;
Larson, 1958; Dixon and o th e rs ,  1961; Blakemore and Garner ,  1956;  
Garner and Crawley,  1 95 8 ) ,  Johnson and P ierce  (1959) found th a t  most 
o f  the c o lo s t r a l  gammaglobulin had a sédimenta t ion c o e f f i c i e n t  o f  6 .45S ,  
Subsequently,  i t  was shown t h a t  the  e l e c t r o p h o r e t i c a l 1y - f a s t  78 serum 
g lo b u l in  (IgG^) was s e l e c t i v e l y  t r a n s f e r r e d  to  colostrum from serum w ith  
the almost complete exc lus ion  o f  the e l e c t r o p h o r e t i c a l 1y-s low  78 serum 
gammaglobulin ( 1962) (Murphy and o th e rs ,  1964; P ierce  and F e i n s t e i n ,
1 965) .
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Johnson and P ie rc e  (1959) noted th a t  a small p ro p o r t io n  of  
the  t o t a l  c o lo s t r a l  immunoglobulin consisted o f  an 18S macroglobul in  and 
the presence of  IgM in colostrum was confirmed by Murphy, Aalund,
Osebold and Carrol  (1964 ) ,  By analogy w i th  the immunoelectrophoretic  
p o s i t io n  o f  human IgA, Murphy and others  (1964) considered th a t  a 
bovine igA component was a ls o  present in colostrum. However, the  
presence of  sec re to ry  IgA was only  confirmed some t ime l a t e r  by Mach 
and o th e rs ,  (1 969) .
Thus the fo u r  major immunoglobulin classes present in serum 
are  a ls o  found in colostrum but th e re  is a marked s e l e c t i v e  t r a n s f e r  of  
IgGj which accounts f o r  87 per cent o f  the t o t a l  c o l o s t r a l  whey 
immunoglobulin (Mach and Pahud, 1 971 ) .  The concentra t ions  o f  c o lo s t r a l  
whey and serum immunoglobulins recorded by var ious groups of workers  
have been ta b u la ted  by Roest i  and Fey (1975 ) ,  but those given by Mach 
and Pahud (1971) were as f o l lo w s :  IgG  ^ -  75 mg/ml; IgG^ -  1 .9  mg/ml;
IgA -  4 . 4  mg/ml ; IgM -  4 . 9  mg/ml. , Brandon, Watson and L a s c e l le s
( 1971) found th a t  in the two to  th re e  weeks p r i o r  to  p a r t u r i t i o n  the  
c o n ce n t ra t io n  of  serum IgG^ f e l l  a b r u p t ly  by more than 50 per c en t ,  
w h i l s t  the serum c once ntra t ions  o f  igGg,, IgM, IgA and albumin remained 
v i r t u a l l y  unchanged. Sasaki  and o thers  (1976) determined t h a t  t h i s  
drop in the serum c o n c e n tra t io n  o f  IgG  ^ could not by i t s e l f  account  
fo r  the accumulat ion o f  IgG  ^ in the  colostrum, but t h a t  during  the  per iod  
o f  colostrum fo rmat ion  the synthes is  of  IgG  ^ was g r e a t l y  increased and 
th e re  was a marked reduct ion  in i t s  h a l f - l i f e .
In an a ttempt to  e lu c i d a t e  t h is  s e l e c t i v e  t r a n s p o r t  mechanism 
f u r t h e r ,  Hammer, Kickhofen and Mai chow (1969) s tud ied  the in v i t r o  
a b s orp t ion  o f  an e l e c t r o p h o r e t i c a l 1y - f a s t  IgG (IgG^) i s o la te d  from 
bovine colostrum and an e l e c t r o p h o r e t î c a l l y - s lo w  IgG (IgG^) i s o la t e d  
from serum on to  mammary gland e p i t h e l i a l  c e l l s  c o l l e c t e d  s ix  to  21 days 
p r i o r  to the donor c a lv in g  and found th a t  the  e l e c t r o p h o r e t i c a l 1y - f a s t  
IgG was p r e f e r e n t i a l l y  bound to  th e  e p i t h e l i a l  c e l l s .  F u r th e r  s tud ies  
w i th  d ispersed mammary c e l l s  and r a d io - i o d in a t e d  immunoglobulins have 
shown th a t  the  sur faces of  these c e l l s  possess s p e c i f i c  s i t e s  f o r  
binding igG  ^ and igG^ immunoglobulins,  the number o f  s i t e s  being 
dependent on the  stage of  l a c t a t i o n  and pregnancy. During m i d - l a c t a t i o n  
the binding s i t e s  per c e l l  f o r  IgG^ and IgG^ a re  9 ,000  and 2 ,400
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r e s p e c t i v e l y ,  w i th  both types of  binding s i t e s  having s i m i l a r  a s s o c ia t io n  
c onstants .  With the onset o f  colostrum format io n , th e  number o f  s p e c i f i c  
IgGj binding s i t e s  per c e l l  inc rea ses .  Approx imately  one week p r i o r  to  
p a r t u r i t i o n ,  new binding s i t e s  appear on the c e l l  surfaces which have a 
very strong a f f i n i t y  fo r  sub-c lass  IgG  ^ molecules.  The r a t i o  of  IgG^; 
IgG^ binding s i t e s  per c e l l  is s i m i l a r  to the 7:1 r a t i o  o f  igG^rigG^ 
concentra t ions  found in colostrum and m i lk  (S asak i ,  Larson and Nelson,  
1977b) .
Fo l lowing p a r t u r i t i o n  a ra p id  decrease in the concentra t ions  
o f  a l l  c o lo s t r a l  immunoglobulins occurs w i t h i n  48 hours ( P o r te r ,  1972),  
and one week a f t e r  p a r t u r i t i o n  the  concentra t ions  o f  a l l  four  
Immunoglobulins in whey a re  s i m i l a r  to  those o f  m i d - l a c t a t i o n  m i l k , w i t h  
mean conce ntra t ions  o f  0 ,35  mg/ml o f  igG^, 0 .0 6  mg/ml o f  IgG^, 0 .0 4  mg/ml 
o f  igM and 0 .05  mg/ml o f  IgA (Mach and Pahud, 1 971 ) .  As the number o f  
IgG^ binding s i t e s  on mammary c e l l s  c o l le c t e d  in m i d - l a c t a t i o n  exceeded 
those o f  lgG2 and because o f  the small amount o f  serum albumin found in 
m i l k ,  Sasaki and o thers  ( l977b) suggested th a t  the  s e l e c t i v e  mechanism,  
so outs tanding dur ing the colostrum fo rm a t io n ,  p r e v a i l e d  throughout  
l a c t a t i o n .  A s e l e c t i v e  c o n ce n t ra t io n  o f  IgG  ^ over 19^2 has a ls o  been 
noted in the  n o n -1 a c ta t in g  mammary gland of non-pregnant,  m u l t i  parous 
cows (Smith,  Conrad and P o r t e r ,  1 971 ) .
The manner by which mucous sur faces a re  p ro tec ted  from 
i n f e c t i o n  has been of  i n t e r e s t  f o r  some cons iderab le  t ime and the e a r l y  
work on the  p r o t e c t io n  o f  mucous sur faces by the  production o f  s p e c i f i c  
a n t ib o d ie s  has been reviewed by P ierce  (1959b),  in t h i s  e x c e l l e n t  
review P ierce  d e a l t  w i th  the  published work on the a l im e n t a r y ,  
r e s p i r a t o r y ,  u r in a ry  and re p ro d u c t ive  t r a c t s  and mammary gland up to  
the  l a t e  195 0"s.
The p o ss ib le  e x is te n c e  o f  a local  immune system in the  
a l im e n ta r y  t r a c t  was f i r s t  suggested by Besredka (1919) fo l lo w in g  h is  
work w i th  S h i g e l 1 a b a c i l l i  in r a b b i t s .  Subsequently ,  Davies (1 922) 
reported  t h a t  s i g n i f i c a n t  a g g l u t i n a t io n  t i t r e s  to  Sh i g e l l a  organisms 
could be demonstrated in the s a l i n e  e x t r a c t s  of  s to o ls  from human 
p a t ie n ts  a f f e c t e d  by Sh i gel 1 a d ysentery ,  and t h a t  these coproantibod les  
could be detected  dur ing the f i r s t  week o f  i n f e c t i o n .  Fol lowing the  
experimenta l  ora l  i n f e c t i o n  o f  guinea pigs w i th  V i b r i o  c h o l e r a . Burrows,  
E l l i o t  and Havens (1947) demonstrated the  presence of  s p e c i f i c  a n t ib o d ie s
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in t h e i r  s t o o ls ,  but th e re  was no c o r r e l a t i o n  between the  c o n c e n tra t io n  
o f  s p e c i f i c  a n t ib o d ie s  in the  serum and re s is ta n ce  t o  ora l  cha l lenge  
w i th  the  organism (Burrows and Ware, 1 9 5 3 ) .  In man the  production o f  
coproant ibodies  can a ls o  be induced by the ora l  a d m in is t r a t io n  o f  k i l l e d  
V. cholera  ( F r e t e r ,  1962) and coproantibody can be demonstrated in the  
sto o ls  o f  n a t u r a l l y  in f e c t e d ,  a c u t e ly  i l l  cho lera  p a t i e n t s  ( F r e t e r , De, 
Mondai,  Shr ivas tava  and Sunderman, 196 5 ) .  This cho lera  coproantibody  
is  predominate ly  s ec re to ry  igA (Northrup, Bienenstock and Tomasi, 1970) 
and in the  c l i n i c a l l y  normal a d u l t  human secre to ry  IgA is the major  
immunoglobulin in i n t e s t i n a l  s ec re t io n s  (Tomasi and Grey,  1 972 ) ,  The 
d e n s i ty  o f  igA plasma c e l l s  g r e a t l y  exceeds the  d e n s i ty  o f  IgM and igG 
plasma c e l l s  a t  a l l  l e v e l s  o f  the i n t e s t i n e  in man (Crabbe and Heremans,
1 966)0
The conce n tra t io n s  o f  the  four  major bovine immunoglobulin 
classes in g a s t r o - 1n t e s t i n a l  s e c re t io n s  were f i r s t  reported  by Mach 
and Pahud (1971) who examined s e cre t io n s  c o l le c t e d  from the abomasum 
and the  small and la r g e  in t e s t i n e s  o f  Simmental c a t t l e  of  var ious  ages.  
Those authors recorded mean values o f  24 mg/100ml o f  IgA, 25 mg/100ml 
of  IgG^ and 6 mg/100ml o f  IgG^. Only t ra ces  o f  IgM were d e te c ted .  
C u r t a i n ,  C la rk  and Dufty  (1971) examined the i n t e s t i n a l  s e c re t io n s  f o r  
IgG^ and IgG^ only  in one 20-month-o ld  Hereford h e i f e r  and recorded  
concentra t ions  o f "8 ,29 mg/ml o f  IgG^ and 0 ,760  mg/ml o f  IgGg in the  
small i n t e s t i n e ,  Newby and Bourne (1976) determined the  r e l a t i v e  
c o n cen tra t io n s  o f  îmmunoglobul ins recovered from the proximal metre of  
the  small i n t e s t i n e  o f  fo u r  18 -m onth -o ld  c a t t l e .  They found t h a t  IgG^ 
was the predominant immunoglobulin accounting f o r  over 50 per cent o f  
th e  t o t a l  immunoglobulin c o n te n t ,  IgA formed only  20 per cent o f  the  
t o t a l  immunoglobulin and even less  when w a l l - a s s o c i a t e d  immunoglobulins 
were examined. IgG^ formed about 15 per cent o f  the t o t a l  
immunoglobulin c o n te n t .  IgM, i f  d e te c te d ,  was present only  in very low 
c o n c e n t r a t io n s .
Using a technique in which c l a s s - s p e c i f i c  a n t i - s e r a  were 
conjugated t o  horseradish peroxidase,  Newby and Bourne (1976) s ta te d  
t h a t  ig G -s ta in in g  plasma c e l l s  predominated in the duodenal lamina  
p ro p r ia  of  a d u l t  c a t t l e  a l though no absolute  f ig u r e s  were g iv en ,  nor 
was any d i f f e r e n t i a l  count o f  IgG^ or IgG^ s ta in in g  c e l l s  a ttem pted .
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Only small numbers o f  Ig A -s ta in In g  plasma c e l l s  were seen. C u r ta in  
and o thers  (1971) examined the  IgG  ^ and IgG^ immunocyte popula t ion  in 
the i n t e s t i n a l  t r a c t  o f  one a d u l t  and found t h a t  IgG  ^ plasma c e l l s  
accounted f o r  90 per cent o f  the t o t a l .  A l l e n  and P o r te r  (1975) 
d e tected  numerous IgA and Ig M -c o n ta in i ng c e l l s  in the jejunum o f  fo ur  
12-24  month o ld  animals by Immunof1uorescent techn iques ,  but the igA 
c e l l s  predominated,  w i th  on ly  very few c e l l s  s t a in in g  f o r  IgG^.
The presence o f  a n t i v i r a l  a c t i v i t y  due to  a n t ib o d ie s  in the  
nasal s ec re t io n s  o f  man was demonstrated many years ago (Burnet ,  Lush 
and Jackson, 1939; F ra n c is ,  1940,  194 3 ) .  However i t  is only  
r e l a t i v e l y  re c e n t l y  t h a t  a s i m i l a r  f i n d i n g  has been demonstrated in 
calves  (Gutekunst,  Paton and Volenec,  1969; Gates,  C es ar io ,  E b e r t ,
K r i e l ,  W u l f f ,  Poland, Gutekunst and Chin,  1970; Frank and M a r s h a l l ,
1971; McKercher, S a i t o ,  F r a n t i ,  Wada and Crenshaw, 1 97 2 ) .  in both 
natura l  and exper imental  i n f e c t io n s  o f  calves w i th  p a r a in f lu e n z a - 3  
v i ru s  t h i s  an t ibody  a c t i v i t y  has been a t t r i b u t e d  to  IgA (Morein,  1970;  
1972) .  Q u a n t i t a t i v e l y  s ec re to ry  IgA is the  major immunoglobulin in 
nasal s e c r e t io n s ,  account ing f o r  90 per cent o f  the  t o t a l  immunoglobulin  
co n ce n t ra t io n  (Mach and Pahud, 1971; Duncan, W i l k i e ,  Hiestand and 
W in t e r ,  1972; Tab le  2 9 ) .  However, examinat ion o f  the immunoglobulin 
bear ing  c e l l s  in the n a s a l ,  t ra chea l  and pharyngeal mucosa o f  a d u l t  
c a t t l e  has revea led  a predominance o f  igG  ^ s ta in in g  c e l l s  (Morgan and 
Bourne,  1978; C u r ta in  and o t h e r s ,  1 971 ) .
In an examinat ion o f  the immunoglobulins in the lachrymal
s ec re t io n s  o f  20 a d u l t  cows o f  the  Red Danish breed, Pedersen and
Nansen (1972) recorded the fo l lo w in g  mean va lues: Ig G . ,  0 .13 9  -  O.O6
+ + 
mg/ml; IgM, 0 .3 7 8  -  0 .3 7  mg/ml; IgA, 2 .5  -  0 ,7 2  mg/ml. They were
unable to  determine a mean c o n c e n t ra t io n  fo r  IgG^, as in most samples
the co n c e n t ra t io n  f e l l  below t h e i r  lower l i m i t  o f  d e te c t io n  o f  O.O6 mg/ml
The values determined by Mach and Pahud (1971 ) ;  Duncan and o thers
(1972) ;  B u t l e r ,  M axwel l ,  P ie r c e ,  H y l to n ,  Asofsky and Kiddy (1972b) a re
given in Table  29.  S ecre to ry  IgA is o la te d  from te a rs  and nasal
se c re t io n s  e x is t s  in two polymer ic  forms, l l S - l g A  and 158 - lgA  ( B u t l e r ,
1971 ; Komar and o t h e r s ,  1975) and both lachrymal and nasal s ec re to ry
IgA possess a n t i g e n ic  dete rminants  absent from c o lo s t r a l  sec re to ry  IgA
( B u t l e r ,  1 971) .
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TABLE 29
Concentra t ions  o f  immunoglobulins in lachrymal f l u i d ,  nasal sec re t ions
.and sal i va
No. OF 
ANIMALS
IgG IgG,
mg/dll
IgGg
rog/ml
IgM
(T,g/nil
IgA
m g /tn l
LACHRYMAL FLU 10
Mach and 
Pahud
1971 Simmental; cows
Range -
0.30
(0 .20-0 .50)
0 .1 2  0 .006  
(0 .0 3 -0 .3 8 ) (0 .0 0 4 -0 .0 1 )
2 .60
(1.55^-3.10)
Duncan and 1972 
others
Hoi s te ln -F r le s la n ;  
h e ife rs , 2 -3 years 
o ld . (Results o f  
9-12  weekly samples)
0 .1 3  -  0 .07" 0 .05  -  0 .0 4 "  0 .0 7  - 0 .12"  0 .8 7  -  0 .33
Pedersen and 1972 
Hansen
B u tle r and 1972b 
others
Red Danish M ilk b re e d ; 20
cows, 2-10 years o ld
K o ls te ln -F r le s la n , 6
cows (Results o f 10 
weekly samples pre- 
and post-partumj
0 .139  -  0 .06" 0 ,024""  0 .378  -  0 .3 7 "  2 .5 0  -  0 .72"
Prepartum - 0 .5 4  -  0 .0 8  MD
Postpartum -  0 .4 8  -  0 .0 7  NO
HD 3 .8 6  -  0 .4 9
HD 3 .7 5  -  0.58^
NASAL SECRETIONS
Mach and 
Pahud
1971 Simmental ; cows 10 0 .0 4  0 .025
(0 .0 3 -0 .0 5 ) (0 .0 1 -0 .0 4 )
Traces 1 .95  
(1 .4 0 -2 .3 0 )
Duncan and 1972 
others
K o ls te ln -F r le s la n ;  
h e ife r s , 2 -3  years 
o ld . (Results o f  
9-12  weekly samples)
0 .1 9  -  0 .15" 0 .0 8  -  0 .08" 0 .2 3  -  0 .1 3  1 .7 3  -  O .85"
SALIVA
Mach and 
Pahud
1971 Slemental ; cows 10 0.03 0.01 0.01 0 .56
Range (0 .0 2 -0 .0 8 ) (0 .0 0 5 -0 .0 2 5 ) (0 .0 0 4 -0 .0 2 ) (0 .4 0 -0 .7 0 )
Duncan and 1972 
others
H o ls te in -F r le s la n ;  
h e ife rs , 2-3 years 
o ld . (Results o f 
9-12 weekly samples)
0 .02  -  0.01 0.01 -  0 .0 0  Not detected  0 .3 5  -  0 . 26
B u tle r and 1972b H o ls te in -F r le s la n ,  
cows (Results o f 10 
weekly samples pre- 
end post-partum)
Prepartum -  0 .05  -  0.01 NO
Postpartum -  0 .03  -  0 .01 * NO
HO 0 .3 0  -  0 .0 4
NO 0 . 1 7 - 0 . 0 5 *
*  Mean -  S.O. Mean -  S .E .
Mean o f 6 anim als; In remaining 12 examined, concentration  was less than minimal d e te c ta b le ,  
NO -  Hot determ ined.
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In bovine s a l i v a ,  the t o t a l  c o n ce ntra t ion  o f  immunoglobulins  
is  low, approximate ly  0 .5  mg/ml, 90 per cent o f  which is s ec re to ry  IgA 
(Mach and Pahud, 1971; B u t le r  and o th e rs ,  1972; Duncan and o th e r s ,
1972) .  i t  has been suggested t h a t  the  low immunoglobulin content o f  
bovine s a l i v a  may be d i r e c t l y  r e la t e d  to  the presence of  a rumen and 
ruminai b a c t e r ia  (P o r te r  and Noakes, 197 0 ) ,  but as Mach and Pahud (1971) 
pointed out the  d a i l y  production of  s a l i v a r y  IgA must be several  grams,  
given the la rg e  volumes o f  s a l i v a  produced by the  cow. The in v i t r o  
production  o f  s ec re to ry  IgA and f r e e  secre to ry  component by i s o la te d  
bovine s a l i v a r y  gland t i s s u e  has been demonstrated (Mach and Pahud,
1971; B u t le r  and o t h e r s ,  1972 ) ,  C e l ls  producing IgG and IgM were a ls o  
i d e n t i f i e d .
The use o f  the s in g le  r a d ia l  immunodiffusion technique has 
perm it ted  the d e te rm in a t io n  o f  concentra t ions  of  the in d iv id u a l  
immunoglobulin classes in the  serum o f  neonatal  calves  fo l lo w in g  the  
absorpt ion  o f  colostrum (Klaus and o th e rs ,  1969; P o r t e r ,  1972; Husband 
and o th e r s ,  1972; Logan and o t h e r s ,  1973; Roesti  and Fey,  1975; Table  
30) .  By these techniques i t  has a ls o  been possib le  to demonstrate the  
presence o f  low c once ntra t ions  o f  immunoglobulins in p r e - c o lo s t r a l  serum, 
IgG^ is normally  the  major immunoglobulin o f  p r e - c o lo s t r a l  sera but 
o c c a s io n a l l y  e i t h e r  IgA or  IgM predominates (Husband and o t h e r s ,  1 97 2 ) .
Considerab le  i n t e r e s t . h a s  been shown in the  ontogeny o f  the  
immune systems a t  mucous sur faces and the immunoglobulin co n ce n t ra t io n  
o f  var ious  ex te rn a l  s ec re t io n s  o f  the young c a l f .  In the i n t e s t i n a l  
t r a c t  P o r t e r ,  Noakes and A l l a n  (1972) est imated the c once ntra t ions  o f  
immunoglobulins present in s ec re t io n s  c o l le c t e d  from the mid- je junum  
o f  young preruminant ca lves  one to  s ix  weeks o ld  by the use o f  T h i r y -  
V e l 1 a loops and double r e - e n t r a n t  canulae ,  IgM was the  predominant  
immunoglobulin a t  a c o n ce n tra t io n  of  65 .66  mg/100ml, fo l low ed  by IgGg,,
5 2 .0  mg/100ml; IgA, 38 .33  mg/100ml; and IgG^, 6 .6 5  mg/100ml. In 
c o n t r a s t ,  Newby and Bourne (1976) examined the immunoglobulin content  
in  s e c re t io n s  from the  proximal metre o f  the small i n t e s t i n e  of  seven 
calves aged between two and 14 weeks o f  age; a t  two weeks o f  age IgG  ^
formed almost 100 per cent o f  the  t o t a l  immunoglobulin c o n te n t ;  a t  
approx im ate ly  th ree  weeks o f  age IgG^ and IgA were detected  f o r  the  
f i r s t  t ime .  The r e l a t i v e  p rop o r t io n  of  IgA increased up to  14 weeks
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TABLE 30
C o n c e n t r a t i o n s  o f  i m m u n o g l o b u l i n s  i n  t h e  serum o f  c o l o s t r u m - f e d  c a l v e s
REFERENCE YEAR BREED/TYPE No.OF ANIMALS
AGE AT 
SAMPLING
IgG
mg/ml
IgG, . 
mg/ml
' 9O2 *
mg/ml
IgM
mg/ml
IgA , 
mg/fnl
Klaus and 1969 Mixed 10 Precolostrum 1.2  -  0 .5 0.1 *  0 .0
others 48 hours 22 .6  t  18.2 - 1.16  t  0 .9 -
HcBeath and 1971 D a iry  Calves 24 7 days 6.25  X 0.80% 0 .9 7  % 0.13%
others "M arket" Calves 32 7 days 7.26 I  0.65+ - - 0 ,7 5  -  0 .08
Suckler Calves 24 7 days 14.20 -  1 .25 - - 1.98  -  0 .22
Husband and 1972 M ixed 7 Precolostrum 0.70  t  0.55%
+ +  
0 .1 6  -  0 . 07+ 0 .97  % 0.66% 0.2 9  t  0 . 26i_
others 48 hours 14.43 -  1 .18 1.70 -  0.30 4 .6 5  -  1 .34* 2.02 -  0.81
P o rte r 1972 A yrsh ire 5 2-3  days 43 .16  t  12.43 1.52 *  0 .70 3 .5  -  1.47 1.70 *  0 .18
Logan and 1973 Not sta ted 16 24 hours 14.35 -  5 .59 _ . 3.23 -  2 .56 2 .35  -  1 .76
others
Braun and 1973 Not sta ted 10 Precolostrum 0,12 0 .14
others 10 Postcolostrum 10.5 0 .17
Sawyer and 1973 Not sta ted 100 Precolostrum 0 .1 6 . 0.11
others 23 24 hours 7 .55 1 .75
Logan and 1974a B1 ue-Greyx 30 24 hours 30.90 -  17.28 ■ . 2 .4 8  t  2 .08 2 .59  -  1 .68
o thers C haro la ls
HcBeath and 1974 Blue-Greyx 27 24 hours 28 .36  -  9 .1 7 4 .4 7  -  3.15 3 .1 4  t  2.36
Logan C h aro la ls
Roesti and 1975 Slmsental 23 PrecolostruA 0 .8  2 0 .7 0 .2  t  0 .3 O . I  t  0 . 1
Fey 24 7 12 hours 11.1 t  6 :0 1 .4  :  1 .0 0 .7  *  0 .3
HcGuIre and 1976 Beef Calves 18-20 7 days _ 37.5  -  13.3 0 .6  -  0 .3 3 .0  -  2 .0
others
H o lla 1976 H o is te ln x 6 Precolostrum 0.32 % 0 .48 0 .3 6  t  0 .46 0 .06 % 0 ,138
F rie s  Ian 24 hours 20.09 -  9 .8 1.62 -  1 .14 4.62 t  1.79 5 .40  t  4 .02
Logan and 1978 Suckler Calves 6 48 hours 2 1 .5  -  2.6^ 4 .03 -  0 .93*
+  + 
2 .04  -  0 .5 7
others
Hal 1 iday and 1978 Blue-Grey Beef 56 48 hours
+  +  
27.05 -  1.62
+ +  
1 .10  -  0.11
+  +  
2.1 *  0 .19 _
Calves +  + + +
F r le s lanxH ereford S3 48 hours 21.60 -  1 ,88 1.05 -  0 .1 0 1.55  -  0 .17 -
Beef Calves
* mg/ml mean - standard deviation. 
+ mean - standard error.
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of  age and in two ca lves  examined a t  14 weeks of  age IgA accounted fo r  
15 per cent and 64 per cent of  the t o t a l  immunoglobulin c on te n t .  Very  
low concentra t ions  o f  IgM were detected  and then only  in two o f  the  
seven c a lv e s .  U n f o r tu n a te ly  n e i t h e r  group o f  workers gave any 
i n d i c a t i o n  o f  the pas s iv e ly  acquired immune s ta tus  o f  the calves  used 
in these exper iments .
From these s tudies  in both the  c a l f  and the  a d u l t  cow i t  is 
e v id e n t  t h a t  IgG^, i f  not the  predominant immunoglobulin,  is found in 
r e l a t i v e l y  high c o n centra t ions  in bovine i n t e s t i n a l  s e c r e t io n s .  The 
o r i g i n  o f  t h i s  IgG  ^ has been the s u b jec t  o f  much d iscuss ion  (Newby and 
Bourne, 1976; C u r ta in  and o t h e r s ,  1971; Cr ipps ,  Husband and L a s c e l l e s ,  
1974; Beh and L a s c e l l e s ,  1973; A l l e n  and P o r t e r ,  1 9 7 5 ) .  The two 
p o s s i b i l i t i e s  considered most f r e q u e n t l y  are  the presence o f  s p e c i f i c  
immunocytes in the  mucosa s yn th es is in g  IgG^ and the t r a n s lo c a t i o n  o f  
the immunoglobulin from serum. Newby and Bourne (1976) found th a t  in 
calves  up to  14 weeks o f  age as much as 60 per cent o f  the i n t e s t i n a l  
IgG^ was der ived  from serum. S i m i l a r l y ,  in sheep i t  has been 
determined th a t  most o f  the  IgG^, IgG^ and IgM present in i n t e s t i n a l  
s ecre t io n s  is der ived  from, serum (Cripps and o th e r s ,  197 4 ) .  E a r l i e r ,  
C u r ta in  and others  (1971) suggested t h a t  the m a jo r i t y  o f  IgG  ^ was 
synthesised l o c a l l y  by IgG^ plasma c e l l s  in the lamina p r o p r ia .
There is general  agreement th a t  most o f  the  immunoglobul i n ­
a ssoc ia ted  lymphoid c e l l s  in the i n t e s t i n e  are  found in the lamina  
p ro p r ia  between the c ryp ts  w i th  on ly  a few immunocytes o c curr ing  in the  
v i l l o u s  lamina p ropr ia  (A l le n  and P o r t e r ,  1975; Newby and Bourne,
1976) .  Immunof1uorescent s tud ies  o f  the i n t e s t i n e s  o f  young p r e ­
ruminant ca lves  between the second and s ix t h  weeks o f  l i f e  by Por te r  
and co-workers revea led  t h a t  the  ap ica l  cytoplasm o f  the  c ryp t  
e p i t h e l i a l  c e l l s  s ta ined  f o r  both IgA arid IgM. They could f in d  l i t t l e  
evidence o f  e i t h e r  IgG  ^ or IgG^ in the  ap ica l  cytoplasm o f  the c ryp t  
e p i t h e l i a l  c e l l s .  Examination o f  the  lamina p ro p r ia  of  s ix  f i v e  week-  
o ld  preruminant ca lves  revea led  t h a t  IgA s ta in in g  c e l l s  accounted f o r  
70 per cent of  the  c l a s s - s p e c i f i c  immunocytes a t  a l l  l e v e ls  o f  the  
i n t e s t i n e .  IgM s t a in i n g  c e l l s  formed approximate ly  23 per cent o f  the  
t o t a l .  Only a few IgG  ^ and IgG^ plasma c e l l s  were de te c ted .  The 
d e n s i t y  o f  a l l  immunocytes in the lamina p ropr ia  decreased from the  
duodenum towards the co lon .  Free s ec re to ry  component was on ly  found
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în the  a p ica l  cytoplasm o f  the c ryp t  e p i t h e l i a l  c e l l s  and never in the  
lamina p ropr ia  (Por te r  and o th e r s ,  1972; A l le n  and P o r t e r ,  1975 ) .
In the very young c a l f ,  s tud ies  have been much more l i m i t e d .  
A l le n  and Porte r  (1975) de tected  almost equal numbers o f  IgA and IgM 
s t a in in g  immunocytes in the j e j u n a l  lamina propr ia  o f  a four  day-o ld  
c a l f  but Newby and Bourne (1976) were unable to  d e te c t  any IgA plasma 
c e l l s  in the lamina propr ia  o f  a one week old c a l f .  B u t le r  and o thers  
(1972b) c a r r i e d  out in v i t r o  s y n t h e t ic  s tud ies  w i th  t i s s u e  c e l l s  from 
the ileum o f  a one-week o ld  c a l f  and f a i l e d  to  d e te c t  the production o f  
any immunoglobulins.
Morgan and Bourne (1978) determined the  c o n ce ntra t ion  of  
immunoglobulins and the number o f  plasma c e l l s  in the r e s p i r a t o r y  t r a c t  
o f  young calves  one to  s ix  weeks o l d .  Throughout the per iod of  
exam inat ion ,  IgG  ^ was the predominant immunoglobulin in both nasal and 
t rachea l  washings e s p e c i a l l y  dur ing the f i r s t  week o f  l i f e .  Absolute  
concentra t ions  o f  immunoglobulins were not determined because o f  the  
method o f  sample c o l l e c t i o n .  The r e l a t i v e  c o n ce ntra t ion  of  lgG^:lgA  
was g r e a t l y  reduced by the t ime the  calves  were s ix  weeks o ld .
■ I n i t i a l l y  the co n c e n tra t io n  of  IgM was h igher  than the c o n cen tra t io n  
o f  IgA but by th ree  weeks o f  age the concentra t ion  of  IgA exceeded 
th a t  o f  IgM. The number o f  immunocytes s t a in in g  f o r  IgA, IgG^ and 
IgM in the  lamina propr ia  were s i m i l a r  and were d e te c t a b le  in a l l  s i t e s  
a t  one week o f  age.  lgG2 s t a in in g  c e l l s  only became d e te c t a b le  a t  
two weeks of age but on ly  in very  small numbers.
In the case of  lachrymal s e c r e t io n s ,  S u l l i v a n  and others  
( 1969) were unable to  d e tec t  any immunoglobulins in the  tea rs  o f  calves  
c o l le c t e d  immediately a f t e r  b i r t h  and p r i o r  to  suck l ing  colostrum but  
IgGj was r e a d i l y  detected  in te a rs  c o l l e c t e d  24 hours a f t e r  suck l ing  
colostrum. A s i m i l a r  f in d in g  was noted f o r  s a l i v a  c o l l e c t e d  be fore  
and a f t e r  ingest ing  colostrum. Smith,  W e l ls ,  B u r r e l l s  and Dawson 
(1976) were unable to  d e tec t  any immunoglobulins in the p re c o lo s t ra l  
te a r s  of  f i v e . p a i r s  o f  tw in  lambs. A f t e r  suck l ing  n a t u r a l l y  IgG was 
detected  in the lachrymal s e c re t io n s  o f  a l l  ten lambs a t  24 hours o f  
age. No separa t ion  of  IgG In to  IgG^ and IgG^ was a ttem pted .  IgM 
and IgA were not de tected  u n t i l  the lambs were two to  th re e  weeks o l d ,  
but by 21 days of  age the  mean co n cen tra t io n  o f  IgA exceeded the  mean
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c o n c e n t r a t i o n s  o f  b o t h  IgG and IgM.
Un l ik e  the immune system of  man, where i t  has been demonstrated  
t h a t  sec re to ry  IgA is the major immunoglobulin secreted  a t  a l l  mucous 
surfaces (Tomasi and Grey,  1972; Spiegel berg,  1974) in the cow, the  
r e l a t i v e  c o n t r i b u t i o n  o f  IgG  ^ and s ec re to ry  igA to  the t o t a l  
immunoglobulin c o n ce n t ra t io n  of  ex te rn a l  sec re t ions  is s t i l l  the sub jec t  
o f  debate.  In the young c a l f  e s p e c i a l l y ,  controversy  e x is t s  over both 
the  p r in c ip a l  c lass  o f  immunoglobulin Involved and the source o f  
immunoglobulin present in the i n t e s t i n a l  s e c r e t io n s .  In the major  
s tud ies  c a r r i e d  out so f a r  ( P o r t e r ,  Noakes, A l l a n ,  1972; A l l e n  and 
P o r t e r ,  1975; Newby and Bourne, 1976) no a t t e n t i o n  was given to  the  
p a s s iv e ly  acquired  immune s ta tu s  o f  the c a lv e s .  There has been l i t t l e  
s ta n d a r d is a t io n  in the age,  management and d isease s t a t u s ,  i f  any,  of  
the calves  under exper im ent .  D iscrepancies  have a ls o  e x is te d  in the  
tec h n ica l  methods employed to determine the c o n c e n tra t io n  of  
immunoglobulins in the  e x te rn a l  s ec re t ions  and in the  immunohÎ s t o lo g ic a l  
techniques .  T h e re fo re  the o p p o r tu n i t y  was taken to  determine the  serum 
conce ntra t ions  o f  the fo u r  major Immunoglobulins in calves  fo r  a per iod  
o f  t ime from b i r t h  and to  examine the  immunoglobulin content o f  
s ec re t io n s  from one r e a d i l y  a c c e s s ib le  mucous s u r fa c e ,  the c o n ju n c t iv a .
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MATERIALS AND METHODS 
Cows, calves  and t h e i r  management
a) Cows The cows were managed as described in Chapter 2 . A f t e r  
p a r t u r i t i o n  samples o f  blood and colostrum were c o l l e c t e d .  The serum 
and c o lo s t r a l  whey were prepared and stored u n t i l  necessary as described  
in Chapter 2 ,
b) Calves The ten ca lves  employed in t h is  chapter  consis ted of  f i v e  
group-reared  c a lv e s ,  ca lves  83,  85 and 93 (Group 8) ,  calves  98 and 106 
(Group 9)» and calves  77,  79,  81,  204 and 224 (Table 6) which were 
reared i n d i v i d u a l l y .  Nine o f  the ten calves  were born in 1oose-boxes  
and a s s is te d  to  suckle colostrum from t h e i r  own dam as soon as was 
p r a c t ic a l  a f t e r  p a r t u r i t i o n  as descr ibed in Chapter 2 , The ten th  c a l f  
(93 ,  Group 8) was born in a loose-box and mothered by i t s  dam f o r  15 
minutes a t  which t ime the cow was removed from the c a lv in g  box. During  
t h i s  15 minute mother ing per iod  the. c a l f  was not perm it ted  to  suckle i t s  
dam. The c a l f  was then fed 1500ml o f  colostrum milked from i t s  own dam 
a t  s ix  hours post-par tum.  The f i v e  group-reared  calves  had f r e e  access  
to  an automatic  c a l f  feed er  (N u rse t te  Model 30) supplying m i lk  s u b s t i t u t e  
(V i tamealo  c a l f  m i lk  m e a l ) .  The remaining f i v e  ca lves  were housed 
i n d i v i d u a l l y  and were fed the  same mi 1k - s u b s t i t u t e  by bucket a t  a r a te
of  10% bodyweight per day d iv id e d  i n to  two feeds.  A l l  the ca lves  were  
weighed a t  15 minutes post-partum and samples of  blood were c o l le c t e d  
a t  the  f o l lo w in g  t im es;  p r i o r  to feeding  w i th  colostrum,  and a t  2 , 4 , .
8 , 1 2 , 1 6 , 2 0 , 24,  3 0 , 36 and 48 hours a f t e r  being fed colost rum.  
T h e r e a f t e r ,  samples of  blood were c o l le c t e d  every second day u n t i l  the  
calves  reached s ix  weeks of  age and then once weekly u n t i l  they were ten  
weeks o ld .  The serum was prepared as descr ibed in Chapter 2 and sto red  
a t  - 20^0  u n t i l  r e q u i re d .
Tears were c o l l e c t e d  from the ca lves  immediately before  the  
c o l l e c t i o n  of  each blood sample using b l u n t - t i p p e d  Pasteur  p i p e t t e s .  
Approximately  1 ml was c o l l e c t e d  from each eye w i th o u t  any chemical  
s t i m u l a t i o n .  The t ime re q u i re d  to  c o l l e c t  t h i s  volume o f  t e a rs  was 
approx im ate ly  15-20 minutes .  No o c u la r  bleeding was ever observed  
w h i l s t  c o l l e c t i n g  te a r s  and t e s t i n g  each sample w i th  L a b s t i x  (Ames 
Company, M i le s  L a b o r a t o r ie s ,  Slough) f a i l e d  to  reveal  any contam in a t ion .  
The te a rs  were s tored  w i th o u t  f u r t h e r  t reatm ent a t  -70°C u n t i l  r e q u i re d .
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Laboratory  procedures
I s o l a t i o n  o f  i m m u n o g l o b u l i n s  and p r e p a r a t i o n  o f  a n t i  s e r a
The methods fo l low ed  f o r  the p re p a ra t io n  o f  bovine  
immunoglobulins and a n t i  sera are  e s s e n t i a l l y  those described by Fey,  
P f i s t e r ,  M e s s e r ! i ,  Sturzenegger  and Grolimund (1 9 76 ) .  I n i t i a l l y ,  
bovine IgG^, IgG^ and IgM were purchased from M i le s  L a b o ra to r ie s  (M iles  
L a b o ra to r ie s  L t d . ,  Stoke Poges, Slough) fo r  the immunisation o f  r a b b i ts
a) • Serum
Blood was c o l le c t e d  from a d u l t  cows a t  s la u g h t e r .  The blood  
was al lowed to  c l o t  a t  o v ern ig h t  and the serum harvested a f t e r  
c e n t r i f u g a t i o n .  Serum from a number o f  cows was pooled and sto red  a t  
“20^C u n t i l  r e q u i re d .
b) Colostrum
Colostrum was obta ined from cows Immediately a f t e r  p a r t u r i t i o n  
C o lo s t ra l  whey was prepared by the  a d d i t io n  o f  rennet as descr ibed in 
Chapter 2.  A f t e r  ca re fu l  sep ara t io n  the whey was stored a t  -20^C 
u n t i l  r e q u i re d .
c) Sal I va
S a l iv a  was c o l l e c t e d  from a d u l t  cows by the f o l lo w in g  method.  
The animals were in je c t e d  w i th  an a p p ro p r ia te  volume o f  x y la z in e  
(Rompun, Bayer UK L t d . ,  Eastern Way, Bury S t .  Edmunds, S u f fo lk )  a 
se d a t iv e  which tends to  cause s a l i v a t i o n .  The s a l i v a  was c o l l e c t e d  in 
a strong polythene nose bag in which holes were cut  to  enable  the  
animal to  b re a th .  T h e . c o l l e c t e d  s a l i v a  was immediately f i l t e r e d  
through gauze m i lk  f i l t e r s  ( J . J .  Blow, Chatsworth Road, C h e s t e r f i e l d )  
and s u f f i c i e n t  sodium a z id e  was added to  g ive  a 0 . 02% s o lu t io n  to  
prevent m icrob ia l  growth.  I t  was then r e f i l t e r e d  through Whatman 
No. 1 f i l t e r s  (Whatman L t d . ,  S p r i n g f i e l d  M i l l ,  Maidstone,  Kent) and 
stored  a t  - 20^C u n t i l  r e q u i re d ,
d) Gel f i l t r a t i o n  chromatography
This  was r o u t i n e l y  c a r r i e d  out in 2 ,5  x 100 cm columns 
(Pharmacia (Great B r i t a i n )  L t d . ,  P r ince  Regent Road, Hounslow,
Middlesex) using Sepharose 6B (Pharmacia) as the bed m a t e r i a l .
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Sepharose 6B îs sold as a s l u r r y  which obv iates  the  nece ss i ty  f o r  de­
f i n i n g  and d e - a e r a t io n  req u i re d  w i th  o th er  gel f i l t r a t i o n  bed m a t e r i a l s .
Columns were packed w i th  the  a id  o f  a packing column. A
h y d r o s t a t ic  head o f  20 cm was then ap p l ie d  and the  column run u n t i l  a
constant leve l  was achieved.  The a p p l ie d  samples were e lu te d  by
downward f lo w ,  m a in ta in in g  a constant h y d r o s t a t ic  head of  20 cm by use 
of  a M a r io t t e  f l a s k .  The e lu a te s  from the column were monitored a t  
0D280 nm (83OO Uvîcord 11,  LKB Instruments L t d . ,  LKB House, 232 
Addington Road South,  Croyden, Surrey) c o l le c t e d  by an automatic  f r a c t i o n  
c o l l e c t o r  ( 7OOO U l t r o r a c  F r a c t io n  C o l l e c t o r ,  LKB In s t ru m en ts ) .
O ccas io n a l ly  Sephadex G200 (Pharmacia) was used as the bed 
m a te r ia l  in accordance w i th  the  m an u fac tu re r 's  i n s t r u c t i o n s .
B u f fe r  : The e lu a n t  b u f f e r  fo r  a l l  gel f i l t r a t i o n
chromatography was TRIS-HCl 0.1 M pH 8 .6  to  which 0,005% th imerosal  was 
added t o  prevent  m ic ro b ia l  growth.
e) I on exchange chromatography
Ion exchange chromatography was c a r r i e d  out using DEAE 
c e l l u l o s e  (Be 52 m icrogranu la r  P reswol len ,  Whatman). The gel was 
washed several  t imes in th e  acid  p a r t  o f  the phosphate b u f f e r  
(NaHgPO^ 0 .0 1 M) u n t i l  the  des i red  pH was a t t a i n e d .  The gel was then  
suspended in the  f i n a l  b u f f e r ,  fe.g. phosphate b u f f e r  O.OIM, pH 7 . 4 .
Care was taken t o  remove the f in e s  and d e - a e r a t e  the s l u r r y  
before  packing in to  a K25/30 column (Pharmacia) w i th  the  a id  o f  a 
packing column. The column was packed to  a constant leve l  w i th  a 
h y d r o s t a t ic  head o f  25 cm. The column was top loaded and e lu te d  by 
downward f lo w ,  the e lu a te s  being monitored as fo r  gel f i l t r a t i o n  
chromatography. The p ro te in s  were e lu te d  by a stepwise increase  in 
b u f f e r  m o l a r i t y  at  constant  pH.
f )  Immunoelectrophores i s
Immunoelectrophoresis was performed according to  the method o f  
Scheidegger (1955) in O.O6 M b a r b i t a l  b u f f e r  pH 8 . 6 . Agarose ( L i t e x ,  
I n t e r n a t i o n a l  Enzymes L t d . ,  Hanover Way, Windsor) was used fo r  a l l  gel 
p r e c i p i t a t i o n  methods except the  r a d ia l  immunodiffusion t e s t .  Agarose
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has the advantage o f  reducing immunoelectrophoretic  endosmosîs (W i l l iam s  
and Chase, 1968 ) .  The 1.5% agarose was d isso lved  In b a r b i t a l  b u f f e r  In 
a b o i l i n g  water  bath and d iv id e d  in to  a l iq u o t s  o f  20-25  ml in stoppered  
u n iversa l  s.  The e le c t r o p h o r e s is  was c a r r i e d  out in a Shandon 
e le c t r o p h o r e s is  chamber (Shandon S c i e n t i f i c  Co. ,  London) a t  a constant  
c u r re n t  of  20 ma. and a l lowed to  run f o r  approximate ly  4 hours or u n t i l  
i t  was considered t h a t  the bromophenol blue marked albumin had progressed  
s u f f i c i e n t l y .  The p r e c i p i t i n  arcs were developed w i th  a p p ro p r ia te  
a n t i  sera in a moist  chamber a t  room temperature .  The p la te s  were 
examined and recorded a t  var ious  t imes up to  48 hours,
g) Immunodi f fus ion
immunodiffusion was c a r r i e d  out according to  the method of  
Ouchterlony (1958) in 1% agarose.  Small p e t r i  dishes were used and a 
l a y e r  o f  1 .5  -  2mm o f  the agarose was run in to  the  p e t r i  dishes on a 
h o r iz o n ta l  t a b l e .  W el ls  were cut using a template  and removed by 
a s p i r a t i o n .  Again the p r e c i p i t i n  arcs were al lowed to  develop w i th  
a p p r o p r ia t e  a n t i s e r a  in a moist  chamber and read a t  var ious  times up to  
48 hours.
h) Radial  immunodiffusion
Radial  immunodiffusion was c a r r i e d  out according t o  the method 
descr ibed by M a n c in i ,  Carbonara and Heremans (1 9 6 5 ) .
1.5% Special Agar-Noble  (D i fco  L a b o r a t o r ie s ,  D e t r o i t ,  USA) was 
made up in b a r b i t a l  b u f f e r  pH 8 . 6 , io n ic  s t rength  0 .0 2  w i th  0.02% sodium 
a z id e  as a b a c t e r i o s t a t i c .  A l iq u o ts  were s tored in t i g h t l y  capped 
u n ivers a l  b o t t l e s .  When re qu ire d  the  s o l i d i f i e d  gel was melted in a 
b o i l in g  water  bath ,  then a l lowed to  cool to  56^0 . To the gel an 
a p p r o p r ia t e  volume o f  u n d i lu te d  ant iserum which had a ls o  been warmed to  
56°C was added using p ip e t t e s  and beakers which had been prewarmed.
The p la te s  were poured immediate ly .
The a n t i  serum gel m ix tu re  was poured in to  a mould formed by 
two photographic p la te s  separated by a U-shaped frame, approximate ly  
1 mm t h i c k  and held to g e th e r  by bu l ldog clamps. One o f  the g lass  p la tes  
was s i l i c o n i s e d  and a f t e r  s o l i d i f i c a t i o n  the clamps were removed and the  
s i l i c o n i s e d  p la t e  was s l i d  o f f .  Wel ls  were punched in the agar using  
a 14 gauge hypodermic needle and a te m p la te .  The punched out agar was
203
removed by a s p i r a t i o n .
The w e l l s  were f i l l e d  w i t h - a n  a p p r o p r ia t e  volume o f  t e s t  
serum using a m icrosy r in ge  (Hami l ton ,  T o ro n to ) ,  and incubated in a 
moist chamber a t  room temperatu re  f o r  an a p p r o p r ia t e  per iod o f  t im e .
This  v a r ie d  w i th  immunoglobulin c lass  concerned; 48 hours fo r  IgG^,
IgG^ and IgA and 72 hours f o r  IgM, The standard curve was drawn by 
p l o t t i n g  the squares o f  the  d iameters o f  the r ings f o r  four  known 
c once ntra t ions  o f  a n t ig e n .  The diameters  were measured using a 
b in o c u la r  microscope equipped w i th  a measuring eyepiece  (x 1 0 ) .  To 
es t im a te  the  c o n ce n tra t io n  o f  an t igen  in the  unknown samples,  only  
those samples which had p r e c i p i t a t i o n  r ings which f e l l  between the  
maximum and minimum r ings  o f  the known c oncentra t ions  were measured.  
Those unknown samples which had p r e c i p i t a t i o n  r ings g r e a t e r  or less  
than the  standard s o lu t io n s  were r e -e s t im a te d  on Mancini  p la te s  w i th  
the  a p p ro p r ia t e  d i l u t i o n  o f  ant I serum. Each sample was determined  
th r e e  t imes.  The standard curves f o r  each Immunoglobulin were drawn 
from known d i l u t i o n s  o f  a pooled serum sample which had been p re v io u s ly  
c a l i b r a t e d  a ga ins t  a re fe ren ce  serum sample k in d ly  suppl ied by Professor  
Fey, Bern.
i ) Immunisation procedures
Animals immunised were r a b b i t s ,  gu inea-p igs  and goats .
Goats -  Goats were immunised in t ra m u s c u la r ly  w i th  5 -10  mg p r o t e in  
e m u ls i f i e d  in Freund's  complete ad juvant (D ifco) and repeated a t  2 - 4  
weeks w i th  5 -10  mg p r o t e in  e m u ls i f i e d  in Freund's incomplete ad juvant  
( D i f c o ) ,  The animals were bled 2 - 4  weeks l a t e r .
Rabbi ts  -  Rabbi ts  were immunised according to  the protocol suggested by 
H erber t  (1 9 7 3 ) .
Guinea-p igs  -  Guinea-p igs  were immunised according t o  B ina gh i ,  O r io l  
and Boussac-Aron (1967) as suggested by Fey and o thers  (19 76 ) .
Although g u inea -p igs  produce a n t ib o d ie s  o f  high s p e c i f i c i t y ,  the small  
volume o f  serum which can be harvested is a major d isadvantage.
In order  to  render the a n t i s e r a  c lass  s p e c i f i c  each antiserum  
was absorbed w i th  s o lu b le  a n t igens  as f o l l o w s : -
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IgG^ -  Antiserum to  bovine IgG  ^ was rendered c lass  s p e c i f i c  by
absorpt ion  w i th  IgGg a t  2 mg/ml of  antiserum.
IgG^ -  Anti  serum to  bovine IgG^'was rendered c lass  s p e c i f i c  by
absorpt ion  w i th  IgG^ a t  2 mg/ml o f  antiserum.
IgM -  Guinea-p ig  antiserum t o  bovine IgM was rendered c la s s -
s p e c i f i c  by absorpt ion  w i th  IgG (1 mg/ml) and fo e ta l  c a l f  
serum (0 ,2  m l / m l ) .
IgA -  Guinea-p ig  ant iserum to  bovine IgA was rendered c la s s -
s p e c i f i c  by absorpt ion  w i th  IgG a t  1 mg/ml.
j )  I s o la t i o n  of  IgG»
IgG^ was prepared from bovine serum as descr ibed by Fey and 
others  (1976 ) .  Bovine serum was d i l u t e d  to  2g% w i th  phosphate 
b u f fe re d  s a l in e  (PBS) and under constant s t i r r i n g  sa tu ra ted  ammonium 
sulphate  was added s lowly  u n t i l  33% s a t u r a t io n  was reached. S t i r r i n g  
was continued f o r  3 hours a t  room temperature .  Fol lowing c e n t r i f u g a t i o n ,  
the supernatant was discarded and the p r e c i p i t a t e  was d issolved in 
d i s t i l l e d  w a te r .  R e - p r e c i p i t a t i o n  w i th  ammonium sulphate  a t  33% 
s a t u r a t io n  was repeated a f u r t h e r  tw ic e .  A f t e r  the  t h i r d  p r e c i p i t a t i o n  
w ith  (NH^)2S0^,  the p r e c i p i t a t e  was dissolved in PBS and d ia lysed  
a ga ins t  running 'tap water  f o r  2 -4  hours.  I t  was then d ia lys ed  a g a in s t  
PBS u n t i l  S0[  ^ ions were no longer  detected w i th  1% BaCl,
The ammonium sulphate  p r e c i p i t a t e d  g lo b u l in  was d ia lysed  
a g a in s t  0.01 M phosphate b u f f e r  pH 7 .4  and an ion exchange chromatography 
performed on DEAE c e l l u l o s e .  The breakthrough peak contained IgG^ and 
the lead ing  f r a c t i o n  was used to  prepare a n t i  serum a f t e r  c o n c e n tra t io n  
w ith  carbowax (Gurr,  London).  The s p e c i f i c i t y  o f  the a n t i  serum 
f o l lo w in g  absorpt ion  is shown in F igure  19.
k) I s o la t i o n  o f  IgG^
The s t a r t i n g  m a te r ia l  fo r  the i s o la t i o n  o f  IgG  ^ was c o lo s t r a l  
whey which had been p r e c i p i t a t e d  w i th  sa tu ra ted  (NHj )^ as described
f o r  serum. The ammonium sulphate  p r e c i p i t a t e d  c o lo s t r a l  g lo b u l in  was 
d ia ly s ed  aga ins t  0.02M phosphate b u f f e r  pH 6 . 3 .  An ion exchange 
chromatography was c a r r i e d  out on DEAE c e l l u l o s e  wi th  the i n i t i a l
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FIGURE 19  S p e c i f i c i t y  o f  a b s o r b e d  g o a t  a n t i - b o v i n e  IgG^ s e r u m : -  
I m m u n o e l e c t r o p h o r e s i s :  Top w e l l ,  b o v i n e  s e r u m ;
t o p  t r o u g h ,  a n t i - t o t a l  b o v i n e  s e r u m ;  m i d d l e  w e l l ,  
b o v i n e  I g G ^ ;  b o t t o m  t r o u g h ,  a b s o r b e d  a n t i - b o v i n e  I g G ^ ;  
b o t t o m  w e l l ,  b o v i n e  IgG .
FIGURE 20  S p e c i f i c i t y  o f  a b s o r b e d  g o a t  a n t i - b o v i n e  IgG^ s e r u m : -  
I m m u n o e l e c t r o p h o r e s i s :  T o p  w e l l ,  b o v i n e  I g G ^ ;
t o p  t r o u g h ,  a n t i - t o t a l  b o v i n e  s e r u m ;  m i d d l e  w e l l ,  
b o v i n e  s e r u m ;  b o t t o m  t r o u g h ,  a b s o r b e d  a n t i - b o v i n e  I g G ^ ;  
b o t t o m  w e l l ,  b o v i n e  I g G ^ .
2 . 6
b u f f e r  being 0.02M phosphate pH 6 ,3  and a step wise g ra d ie n t  e l u t i o n  
c a r r i e d  out w i th  0 .0 5  M and 0,01 M phosphate pH 6 .3  b u f f e r s .  IgG  ^ was
e lu te d  w i th  the 0 .05  M b u f f e r .  Several  0 .0 5  M e lu a te s  were pooled and
re-chromatographed to  o b ta in  a purer sample. The s p e c i f i c i t y  o f  the  
a n t i  lgG| serum fo l lo w in g  absorpt ion  is shown in F igure  20.
1) I s o la t i o n  o f  IgM
Pooled bovine serum was d ia ly s ed  e x t e n s iv e ly  aga ins t  0.01 M 
KHg POij (pH 4 .75 )  f o r  two days (Mukkur and Froese,  1971 ) .  The 
p r e c i p i t a t e  obta ined a f t e r  c e n t r i f u g a t i o n  was washed w i th  the b u f f e r .
The p r e c i p i t a t e  was d isso lved  in 0.01 M a c e ta te  b u f f e r  pH 5 .4  c on ta in ing  
0 .1 5  M Na Cl ; the f i n a l  volume being 20% o f  the i n i t i a l  serum volume.
To p r e c i p i t a t e  res idua l  IgG, 0.1 M Zn SOj  ^ was added drop-wise u n t i l  the
f i n a l  concentra t ion  was 25 mM. The s o lu t io n  was s t i r r e d  f o r  2 hours
a t  room temperature  and then c e n t r i fu g e d  a t  8000 rpm. To remove 
excess z in c  Ions from the supernatant 1% te trasodîum EDTA was added and 
l e f t  standing fo r  2 hours.  The excess EDTA was removed by d ia ly s in g  
aga ins t  PBS (Fey and o th e r s ,  1976 ) .  The s o lu t io n  was then concentrated  
and a p p l ie d  to  a Sepharose 6B column and e lu ted  w i th  0.1 M TRIS-HCl IM 
NaCl a t  pH 8 . 6 .  The f i r s t  peak was found to  conta in  IgM. This  
p r o t e in  f r a c t i o n  was used to  immunise both gu inea-p igs  and r a b b i ts  and 
the  s p e c i f i c i t y  o f  the  a n t i  serum a f t e r  absorpt ion  is shown in F igure  21.
m) I s o la t i o n  of  IgA
The f i l t e r e d  s a l i v a  was concentrated 100 f o l d  by p o s i t i v e  
pressure  d i a l y s i s  (142 mm UF c e l l ;  M i l l i p o r e  (UK) L t d . ,  M i l l i p o r e  House, 
Abbey Road, London), and the concentrated s a l i v a  was f r a c t i o n a t e d  on 
Sepharose 68 w i th  0.1 M T r i s - H C l ,  1 M NaCl a t  pH 8 . 6 .
I t  was found t h a t  the  F2 peak was enr iched IgA and t h i s  was 
used i n i t i a l l y  fo r  immunisation o f  r a b b i t s .  F requen t ly  the FI peak 
f a i l e d  to reac t  w i th  any a n t i  sera and may have been aggregated molecules  
or mucus. A f t e r  absorpt ion  w i th  bovine IgG a n t i  serum produced to  
t h i s  enr iched f r a c t i o n  showed a l i n e  o f  complete i d e n t i t y  to  a n t i - b o v i n e  
s ec re to ry  IgA serum k in d ly  suppl ied by Dr, J .P .  Mach, Lausanne (F igure  22) 
Later ,  in an attempt to  o b ta in  a purer sample of  IgA, the  enr iched  
f r a c t i o n s  o f  IgA were t r e a t e d  as f o l lo w s .  The p ro te in  s o lu t io n  was 
d ia ly s e d  against 0 .0 02  M phosphate b u f f e r  pH 7 .2 .  This was then added
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FIGURE 21 S p e c i f i c i t y  o f  a b s o r b e d  r a b b i t  a n t i - b o v i n e  IgM s e r u m : -  
I m m u n o e l e c t r o p h o r e s i s :  Top w e l l ,  b o v i n e  Ig M ;
t o p  t r o u g h ,  a n t i - t o t a l  b o v i n e  s e r u m ;  m i d d l e  w e l l ,  
b o v i n e  s e r u m ;  b o t t o m  t r o u g h ,  a b s o r b e d  a n t i - b o v i n e  I g M ;  
b o t t o m  w e l l ,  b o v i n e  I g M .
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to  a s lu r r y  of  DEAE c e l l u l o s e  e q u i l i b r a t e d  w i th  the same b u f f e r .  
Adsorpt ion o f  the p ro te in  onto the c e l l u l o s e  was c a r r i e d  out under 
g e n t le  s t i r r i n g  o v e r n ig h t .  The s lu r r y  was then washed tw ice  w i th  one 
volume o f  0 .0 2  M phosphate b u f f e r  pH 7 .2  on a Buchner fu n n e l .  The 
DEAE c e l l u l o s e  was then suspended in the same b u f f e r  and a column poured, 
IgA was e lu te d  by a 0 .0 6  M phosphate b u f f e r  pH 7 .0 .  This e lu a te  was 
concentrated and d ia ly s e d  aga ins t  PBS to  remove the  phosphate ions .
To th ree  volumes o f  the p ro te in  s o lu t io n  one volume of  100 mM Zn SO^  ^ was 
added. I t  is s t i r r e d  a t  room temperature  fo r  2 hours and c e n t r i fu g e d  
a t  3000 rpm. Excess z in c  ions are  removed by adding 1% te trasodîum  
EDTA and d ia lys ed  aga ins t  PBS to  remove excess EDTA (Fey and o th e rs ,
Î 976) .
Antiserum to  t h i s  bovine IgA was produced in r a b b i ts  and 
guinea-p igs  and the p u r i t y  o f  the a n t i s e r a  is shown in F igure  23,
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1FIGURE 22  I m m u n o d i f f u s i o n : -  L i n e  o f  c o m p l e t e  i d e n t i t y  b e t w e e n
" S w i s s "  b o v i n e  s e c r e t o r y  Ig A  a n t i  se ru m  a n d  an  a b s o r b e d  
a n t i s e r u m  t o  s a l i v a r y  s e c r e t o r y  I g A  e n r i c h e d  f r a c t i o n  
r a i s e d  i n  r a b b i t s :  W e l l  A ,  s e c r e t o r y  IgA  e n r i c h e d
f r a c t i o n  f r o m  b o v i n e  s a l i v a ;  w e l l  B,  a n t i - b o v i n e  
s e c r e t o r y  Ig A  k i n d l y  s u p p l i e d  by J . P .  M a c h ;  w e l l  C , 
a b s o r b e d  r a b b i t  a n t i - b o v i n e  s e c r e t o r y  I g A .
FIGURE 23  S p e c i f i c i t y  o f  a b s o r b e d  g u i n e a p i g  a n t i - b o v i n e  s e c r e t o r y  
Ig A  s e r u m : -  I m m u n o e l e c t r o p h o r e s i s :  T op  w e l l ,
s e c r e t o r y  Ig A  e n r i c h e d  f r a c t i o n ;  t o p  t r o u g h ,  a n t i - t o t a l  
b o v i n e  s e r u m ;  m i d d l e  w e l l ,  b o v i n e  s e r u m ;  b o t t o m  t r o u g h ,  
a b s o r b e d  g u i n e a p i g  a n t i - b o v i n e  Ig A  s e ru m  ; b o t t o m  w e l l ,  
s e c r e t o r y  Ig A  e n r i c h e d  f r a c t i o n .
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RESULTS
Cl I n îca l  f i  ndîngs
The breed, b î r th w e îg h t  and sex of  each of  the ten calves a re  
given in Table 31.  As s ta te d  in the M a t e r i a l s  and Methods calves  
77,  79,  80,  204 and 224 were reared in small in d iv id u a l  boxes, which 
had been cleaned out p r i o r  to use but which had not been thoroughly  
d i s i n f e c t e d .  The remaining f i v e  calves  (8 3 , 8 5 , 93,  98 ,  106) were 
reared In two groups of 14 and 10 calves  (Groups 8 and 9 ) ,  which were 
housed in l a rg e  straw-bedded loose boxes. The ca lves  were examined 
fo r  d ia rrhoea  a t  l e a s t  once d a i l y  during  the f i r s t  s ix  weeks o f  l i f e .  
Throughout the f i r s t  ten weeks o f  l i f e  calves 79 and 104 were considered  
to  be c l i n i c a l l y  normal,  a l though c a l f  79 had s o f t  but not d ia r r h o e i c  
faeces on several  days during t h i s  pe r io d .  C a l f  77 was never  
d i a r r h o e i c  but between f i v e  and s ix  weeks of  age i t s  r e s p i r a t o r y  r a te  
increased; i t  developed a cough and on one day (38 days old) was 
markedly pyrex ic  (1 0 6 °F ) .  On a u s c u l t a t io n  an occasional  rhonchus was 
detected  on the r i g h t  s ide  o f  the th o ra x .  Treatment w i th  
o x y t e t r a c y c l i ne (Terramycln ,  P f i z e r  L t d . )  was given in t ravenous ly  f o r  
th re e  days a f t e r  which t ime the c a l f  appeared normal.  C a l f  80 was 
d i a r r h o e i c  ( faecal  score 2 or 3) on f i v e  days between nine and 15 days 
o l d ,  but was otherwise  c l i n i c a l l y  normal.  Between four  and ten days 
of age c a l f  224 was d i a r r h o e i c  ( faecal  score 2 or 3) on f i v e  days.
At e ig h t  days of  age i t  developed a marked b i l a t e r a l  c o n j u n c t i v i t i s .
This was t r e a te d  w i th  chloramphenicol  ophthalmic ointment (Chloromycetin  
Ophthalmic Ointment,  Parke Davis and Company) f o r  two days and the  eyes 
were c l i n i c a l l y  normal by ten days o f  age.
A l l  f i v e  g roup-reared  calves  were d ia r r h o e i c  a t  some t ime  
during the  f i r s t  four  weeks of  l i f e  but never fo r  any extended per iod  
of  t ime.  C a l f  83 was d i a r r h o e i c  ( faecal  score 2 or 3) f o r  fo ur  days 
between 11 and 17 days of  age.  C a l f  85 was d i a r r h o e i c  ( faecal  score  
3) f o r  two days when i t  was seven and e ig h t  days o l d .  Diarrhoea was 
most severe in c a l f  93 which was d ia r r h o e i c  fo r  f i v e  days (faecal  
score 3 fo r  3 days; fa eca l  score 2 f o r  2 days) between s ix  and ten  
days o f  age.  C a l f  98 was d ia r r h o e i c  ( faecal  score 2 or 3) on only  
th re e  days during the f i r s t  four  weeks of  l i f e  and c a l f  106 was 
d ia r r h o e i c  when i t  was nrne ( faecal  score 2) and ten (faecal  score 3)
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TABLE 3i
Concentrat ion of  immunoglobulins in p re c o lo s t ra l  and p o s tc o lo s t ra l  
(48 hours o f  age) serum of ten newborn c a lv es .
Weight o f  Immunoglobulin Concentraticn 48-hour
No. Breed Sex weight
(kg)
ingested
(kg)
igG, igGz IgA IgM
1
SAIg T 
(ZST un i ts )
77 A F 33.2 2 .3 Pr.O 
P. 31.2
0
0 .9 4
0
5 .2 8
0
1 .06
34
79 AxH F 3 2 .4 1 .3 P r .O .90 
P. 1 2 .4
0 .02 6
0 ,2 8
0 .0 56
0 .5 4
0 ,4 8
0 .82
8
80 AxCh M 39.3 1 .8 Pr.O
P. 29.40
0
1 ,22
0
1.91
0
1,45
26
83 AxF M 32,5 2 .3 Pr.O
P. 41 .50
0
1.10
0
6 .30
0
1 .20
43
85 AxH F 34 .0 1 .7 Pr.O 
P. 28
0
0.71
0
2 .2 8
0
3 .40
31
93 A F 30 ,0 1500ml" " P r .O ,098 
P.. 16 .00
0 ,010
0 ,42
0
1 ,1 7
0 ,15 6
2 .00
18
98 A M 3 4 .9 1 .8 P r , 0 ,0 8  
P. 22 .80
0
0 ,5 8
0
0 .9 2
0
1 ,09
20
106 A F 26.1 1 .8 P r .O .048 
P. 2 8 .38
0 .02
0 ,5 6
0
1 .2 9
0 .1 3 8
2 ,86
34
204 AxF.xF F 2 9 .8 2 .3 P r . l  .0 
P. 33 .96
0 .0 2 4
0 ,42
0 ,060  
1 .11
0 .048
0 ,9 4
27
224 BGxAA M 32.6 1 .7 P r .O .032 
P. 18 .48
0 .0 8
0 .4 4
0
0 .33
0
0 .2 0
18
*B reed :  A = A y r s h i r e ;  F = F r i e s i a n ;  H -  Hereford
AA = Aberdeen Angus; BG = Blue Grey
+ Serum co n cen tra t io n  o f  absorbed immunoglobulins a t  48 hours.
* *  Fed a t  6 hours post-par tum.  P r . -  Pre colostrum. P . -  48 hours post-partum
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days o l d .  Although several  o the r  calves in the Groups 8 and 9 were 
py rex ic  and tachypnoeic a t  d i f f e r e n t  times between s ix  and ten weeks o f  
age and were t r e a t e d  w i th  o x y t e t r a c y c l Îne in t ra v e n o u s ly ,  none o f  the f i v e  
calves  from which lachrymal f l u i d  was c o l le c t e d  was so a f f e c t e d  or t r e a t e d .
Seroloqy
The 48-hour  serum absorbed immunoglobulin concentra t ions  
(48H SAIg) measured by the  z in c  sulphate  t u r b i d i t y  t e s t  f o r  the ten  
calves  a re  a ls o  given in Table  31,  The calves  were a l l o c a t e d  to  one 
o f  four  groups based on the 48-hour  serum conce ntra t ion  o f  absorbed 
immunoglobulins determined by the z in c  sulphate  t u r b i d i t y  t e s t :  Group A,
one c a l f  (83) w i th  a 48H SAIg o f  43 ZST u n i t s ;  Group B, f i v e  calves  
( 7 7 , 8 0 , 85 , 106 , 204) w ith  a 48H SAIg o f  approximate ly  30 ZST u n i ts  
(mean 30.40  -  3 .7 8  ZST un i ts )  ; Group C, th ree  calves  (93,  98 ,  224) w i th  
a 48H SAIg o f  approximate ly  20 ZST u n i ts  (mean 18 ,66  -  1 .15  ZST u n i t s ) ;  
Group D, one c a l f  (79) w i th  a 48H SAIg o f  less than 10 ZST u n i t s .
Serum immunoglobulins
The concentra t ions  of  IgG^, IgG^, igA and IgM in the p re c o lo s t r a l  
serum and in the serum c o l le c t e d  a t  48 hours o f  age ( p o s t - c o l o s t r a l )  are  
presented in Table  31.  The in d iv id u a l  r e s u l t s  fo r  each of  the ten calves  
are  presented in Appendix 4 .  A h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  ( r  = 0 .9 6 4 ,  
p < 0.001) was found to  e x i s t  between the  48-hour  c o n cen tra t io n  o f  absorbed 
c o lo s t r a l  whey immunoglobulins (ZST u n i ts )  and the sum o f  the  48-hour  
concentra t ions  o f  the  fo ur  c lasses o f  immunoglobulins (F igure  2 4 ) .  A 
h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  (r ~ 0 .9 3 3 ,  p< 0 ,001)  was a ls o  found to 
e x i s t  between the 48-hour c o n c e n tra t io n  of  absorbed c o lo s t r a l  whey 
immunoglobulins (ZST u n i ts )  and the 48-hour  serum conce ntra t ion  o f  IgG^ 
(F igure  2 5 ) ,  A s i g n i f i c a n t  c o r r e l a t i o n  (r -  0 .7 9 1 ,  p < 0 ,01)  was found 
to  e x i s t  between the 48-hour  c o nce ntra t ion  of  absorbed c o lo s t ra l  whey 
immunoglobulins (ZST u n i ts )  and the 48-hour serum concentra t ion  of  IgA 
(F igure  26) ,  There was no c o r r e l a t i o n  between the 48-hour  co n cen tra t io n  
o f  absorbed c o lo s t ra l  whey immunoglobulins (ZST u n i ts )  and e i t h e r  the  
48-hour serum c o n ce ntra t ion  o f  I 9G2 ( r  “  0 ,6 8 6 ,  p < 0 ,02 )  or the 48-hour  
serum conce ntra t ion  o f  IgM (r  = 0 , 4 4 2 ) ,
IqG  ^ The absorp t ion  o f  c o lo s t r a l  IgG^ and the subsequent 
changes in the  serum concentra t ions  o f  the fo u r  groups during the  f i r s t  
ten weeks of  l i f e  a re  shown in F igure  27.  Low concentra t ions  o f  IgG^ 
(0 , 032 - 1.00  mg/ml) were detected  in the  p r e - c o lo s t r a l  serum of s ix  of
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f i g u r e  24 The r e l a t i o n s h i p  between the  serum immunoglobulin  
c o n c e n t ra t io n  (ZST un i ts )  and the sum o f  the  
In d iv id u a l  immunoglobulins (IgG^, IgG^, IgM and IgA)
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FIGURE 25 The r e l a t i o n s h i p  between the serum Immunoglobulin 
co n ce n t ra t io n  (ZST un i ts )  and the serum 
c o n ce n tra t io n  o f  IgG^.
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FIGURE 26 The r e l a t i o n s h i p  between the serum immunoglobulin
c o n ce n t ra t io n  (ZST u n i ts )  and the serum co n ce n tra t io n  
o f  IgA.
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FIGURE 27 The a b sorp t ion  o f  c o lo s t r a l  IgG. by newborn calves
and the subsequent changes in the  serum c once ntra t ions  
during the  f i r s t  ten weeks of  l i f e .
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the ten c a lv e s .  Fo l lowing the Inge st ion  of  colostrum a very rap id  
increase in the serum c o n cen tra t io n  o f  IgG  ^ occurred and in the fo ur  
calves  sampled a t  two hours post -co lostrum concentra t ions  of  3 . 7 - 1 4 . 5  
mg/ml IgG  ^ were d e te c te d .  Maximum c oncentra t ions  o f  IgG  ^ occurred a t  
16-24  hours a f t e r  the feed ing o f  colostrum and f e l l  t h e r e a f t e r .  The 
concentra t ions  o f  IgG  ^ in the serum o f  the fo ur  calves  79,  93 ,  98 and 224 
increased r a p id ly  to  about e ig h t  hours post -co lostrum but then only  very  
s lowly  u n t i l  20 hours post -co los trum  when they began to  d e c l i n e .
In Groups A, B and C , th e r e  was a very sharp decrease in the  
serum concentra t ions  o f  IgG^ dur ing the f i r s t  th ree  weeks of  l i f e ,  but  
only  a slow d e c l in e  in the IgG  ^ serum c o n ce ntra t ion  o f  c a l f  79 (F igure  27) 
A f t e r  21 days of  age the IgG  ^ serum conce ntra t ion  of  c a l f  79 began to  
s t e a d i l y  increase .  At e ig h t  weeks o f  age the serum concentra t ions  fo r  
the four  groups were approximate ly  equal (mean 1 4 .18  -  1 .12  mg/ml) .  The
h a l f - l i v e s  o f  each c lass  o f  absorbed c o lo s t ra l  Immunoglobulin are  
presented in Table  32.  Using the mean serum c oncentra t ions  o f  IgG  ^ o f  
the ten calves  a t  2 and 8 days of  age the h a l f - l i f e  of  absorbed c o lo s t r a l  
IgGj was 2 1 .5  days,  a l though wide v a r i a t i o n  between the four  groups 
occurred (1 6 .9  days to  4 3 .8  days ) .
IqG_ The serum concentra t ions  o f  absorbed lgG2 were 
un i fo rm ly  low and the mean values f o r  the ten ca lves  a re  given in 
F igure  28 . An increase in the co n c e n tra t io n  o f  19^2 began to  occur a t  
th re e  weeks o f  age but a t  ten weeks o f  age the mean c o n centra t ion  was 
s t i l l  on ly  1 .96  mg/ml. The h a l f - l i f e  of  absorbed c o lo s t r a l  IgG^ was 
found to  be 28 .5  days (Table 3 2 ) .
IgA The absorpt ion  o f  c o lo s t r a l  IgA fo l low ed  a s i m i l a r  
p a t te r n  to  the a bsorp t ion  o f  IgG  ^ (F igure 2 9 ) .  C a l f  83 a t t a i n e d  the  
highest  48-hour  serum c o n ce n tra t io n  of  IgA, 6 .3  mg/ml. IgA was 
detected  in the  p r e - c o lo s t r a l  serum o f  only  two ca lves  (79 , .  0 ,0 56  mg/ml; 
204, 0 .0 6  mg/ml) . I t  was d e tected  in the serum of  the nine calves  
sampled a t  four  hours post -co los trum  ( 0 . 3 3 - 3 . 3 6  m g/ml) .  A rap id  
d e c l in e  in the serum c o n c e n t ra t io n  o f  IgA occurred and in c a l f  79 i t  
was not de tected  from day four  to  day 24.  At about t h i s  t ime the  
co n c e n tra t io n  of  serum igA a ls o  began to  increase  in the o ther  th ree  
groups. The h a l f - l i f e  f o r  absorbed c o lo s t ra l  serum IgA was found to  
be 2 .6 4  days (Table 3 2 ) .
21.8
The h a l f - l i v e s  o f  a b s o r b e d  c o l o s t r a l  i m m u n o g l o b u l i n s .
IgG, lgG2 IgA
(days) *
IgM
Group A 
C a l f  83
2 3 .6 ND 3 .65 1 4 .7
Group B
Calves ,  77,  80 
85,  106,  204.
3 2 .9 ND 2 .5 6 .9 5
Group C
Calves ,  93 ,  98,  
224.
1 6 .9 ND 2 .0 6 . 6
Group D 
C a l f  79.
4 3 . 8 ’ ND ND 5 .0
A11 ten c a lv e s . 21 .5 28.5 2 .6 4 6 .9 5
*  Determined from mean serum values a t  2 and 8 days o f  age.
ND Not determined.
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FIGURE 28 The absorp t ion  o f  c o lo s t r a l  IgG^ by newborn 
calves  and the  subsequent changes In the serum 
co n c e n tra t io n s  dur ing the  f i r s t  ten v«eks o f  l i f e
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FIGURE 29 The absorpt ion  o f  c o lo s t r a l  IgA by newborn ca lves
and the subsequent changes in the serum c oncentra t ions  
during  the f i r s t  ten weeks o f  l i f e .
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IqM The absorp t ion  o f  c o lo s t r a l  IgM and the  vary ing  serum 
concentra t ions  during  the f i r s t  ten weeks o f  l i f e  a re  presented in 
F igure  3 0 .  Low c o n cen tra t io n s  of  IgM ( 0 ,0 4 8 - 0 .4 8 0  mg/ml) were 
detected  in the  p r e - c o l o s t r a l  serum of  four  c a lv e s .  C a l f  83 which 
a t t a i n e d  the h ighest  48-hour  serum concentra t ions  o f  IgG^ (4 1 ,5  mg/ml) 
and IgA (6 ,3  mg/ml) had a low 48-hour  serum c o n ce n t ra t io n  o f  IgM 
(1 ,2 8  mg/ml)c The h a l f - l i f e  of  absorbed c o lo s t r a l  IgM was found to  be
6 ,95  days,  but f o r  c a l f  83 i t  was 14 ,7  days (Table 3 2 ) ,
Lachrymal f l u i d
IqG  ^ D e te c tab le  c oncentra t ions  o f  IgG  ^ were found in the  
lachrymal f l u i d  e i t h e r  a t  the  same sampling t ime or the  sampling t ime  
fo l lo w in g  i t s  d e te c t io n  In serum. IgG  ^ (0 ,028  mg/ml) was de tected  in 
the p r e - c o lo s t r a l  lachrymal f l u i d  o f  c a l f  79 o n ly .  Low concentra t ions  
o f  IgG  ^ ( 0 .0 0 2 - 0 ,2 6 4  mg/ml) were d e tected  in s ix  o f  the remaining nine  
calves  a t  four  hours pos t -co los trum  and in a l l  ten ca lves  a t  e ig h t  
hours post -co lostrum  (mean, 0 ,1 63  mg/ml) .  The c oncentra t ions  o f  IgG^ 
in lachrymal f l u i d  were maximal a t  24 hours post -co los trum  (mean 0 ,3 7 7  
mg/ml) but remained u n i fo rm ly  low a t  approximate ly  1-2  per cent o f  
serum c o n c e n t ra t io n s .  The mean values f o r  a l l  ten calves  over the  
f i r s t  ten weeks o f  l i f e  a re  presented in F igure  31, A s i g n i f i c a n t  
c o r r e l a t i o n  (r  = 0 , 7 6 , p < 0 .01 )  e x is te d  between the 48-hour  serum 
c o n ce n tra t io n  o f  IgG^ and 48-hour co n cen tra t io n  o f  IgG^ in lachrymal  
f l u i d  (F igure  32) and between the  mean serum and lachrymal f l u i d  
concen tra t io n s  o f  IgG  ^ f o r  a l l  ten calves  throughout the ten week 
per iod  (r  -  0 . 7 1 ,  p <  0 .001) (F igure  3 3 ) .
IqG  ^ During the ten week per iod o f  exam inat ion ,  no 19^2 
was detected  in the  lachrymal f l u i d  o f  any c a l f ,
IqA The mean c oncentrâ t  ion of  IgA in the  lachrymal f l u i d  
o f  a l l  ten calves  is presented in F igure  34,  In one c a l f  (77) IgA 
was detected  in the  lachrymal f l u i d  a t  every sampling t ime from two 
hours p o s t -c o los t rum .  Th is  c a l f  had the  second h ighest  c o n c e n t ra t io n  
o f  serum IgA during  the  f i r s t  48 hours of  l i f e .  IgA was present in 
the  lachrymal f l u i d  o f  c a l f  79 from four  to  48 hours post -co los trum  
but i t  then f e l l  below the  1 ower l i m i t  o f  d e t e c t io n  u n t i l  the c a l f  was 
14 days o ld .  In th r e e  f u r t h e r  ca lves  (80,  98,  106),  IgA was f i r s t
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F I G U R E  30 The absorpt ion  o f  c o lo s t r a l  IgM by newborn calves
and the subsequent changes In the  serum concentra t ions  
during the f i r s t  ten weeks of l i f e .
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FIGURE 31 The mean co n c e n t ra t io n  o f  IgG^ In the lachrymal  
f l u i d  o f  ten co lost ru m - fed  ca lves  during the  
f i r s t  ten weeks o f  l i f e .
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FIGURE 32 The r e l a t i o n s h i p  between the c o n c e n t ra t io n  o f
IgG^ in serum and lachrymal f l u i d  o f  ten ca lves  
a t  48 hours o f  age.
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FIGURE 33 The r e l a t i o n s h i p  between the mean serum
co n ce n t ra t io n  o f  IgG^ and the  mean c o n c e n tra t io n  
of  IgG^ in lachrymal f l u i d  o f  ten ca lves  during  
th e  f i r s t  ten weeks o f  l i f e .
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FIGURE 3 4  T h e  mean  c o n c e n t r a t i o n  o f  Ig A  i n  t h e  l a c h r y m a l  
f l u i d  o f  t e n  c o l o s t r u m - f e d  c a l v e s  d u r i n g  t h e  
f i r s t  t e n  w e e k s  o f  l i f e .
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detected  during the f i r s t  week o f  l i f e ,  al though in one c a l f  ( 98) a low 
c o nce ntra t ion  (0 ,040 mg/ml) was t r a n s i e n t l y  found a t  20 hours post ­
co lostrum.  In the remaining f i v e  calves  lachrymal IgA became 
d e te c t a b le  a t  var ious times dur ing the  second week o f  l i f e  but In one 
c a l f  (204) i t  was not de tected  u n t i l  14 days o f  age.  in the case o f  
c a l f  83 which a t t a i n e d  the h ighest 48-hour serum concentra t ion  o f  IgA,
IgA was f i r s t  de tected  in the lachrymal f l u i d  a t  12 days o f  age.  During  
the fo u r th  week of  l i f e  the co n cen tra t io n  o f  lachrymal IgA increased  
r a p id ly  and a f t e r  42 days the mean concentra t ion  was always in excess 
of  2 mg/ml .
IqH The mean co n ce n tra t io n  o f  IgM in the  lachrymal f l u i d  o f  
a l l  ten calves is presented in F igure  3 5 , During the  f i r s t  week o f  
l i f e  IgM was detected in te a rs  o f  only  two calves but,  exc luding the  
th re e  calves  in which IgA was detected  during the f i r s t  48 hours of  
l i f e ,  IgM was present  in the  lachrymal f l u i d  e i t h e r  before  or a t  the  
same t ime as IgA. The l a t e s t  d e te c t io n  o f  IgM occurred a t  12 days of  
age and i n i t i a l  concentra t ions  va r ie d  from 0 .002  mg/ml to  0 .342  mg/ml.
As w i th  IgA, IgM was t r a n s i e n t l y  detected  (0 .010 mg/ml) in the  tea rs  
of  c a l f  98 a t  20 hours pos t -co lostrum but then not again u n t i l  fo ur  
days of  age.  In c a l f  106 IgM was detected continuously  from 24 hours 
o f  age.
Cows
The c oncentra t ions  o f  immunoglobulins in the  dams' sera and
c o lo s t r a l  wheys are  presented in Table  3 3 . The mean serum
+
concentra t ion  o f  IgG  ^ was 10.23  -  1 ,8 7  mg/ml. Wide in d iv id u a l
v a r i a t i o n s  occurred in the serum concentra t ion  o f  IgG w i th  a mean
+  ^
co n ce n tra t io n  of  7,81 -  3 .9 8  mg/ml. The mean conce ntra t ion  of  serum
+
IgA was 0 ,63  ~ O.69  mg/ml and the mean serum co n cen tra t io n  o f  IgM was
^ •2 ,9 6  -  1.51 mg/ml. Very high concentra t ions  o f  IgG  ^ were found in
c o lo s t r a l  whey, the mean being 97 -  2 4 .29  mg/ml, A h ig h ly  s i g n i f i c a n t
c o r r e l a t i o n  (r  = 0 .9 1 5 ,  p <  0 .001)  was found between the c o n ce n tra t io n
o f  IgG^ in c o lo s t r a l  whey and the gammaglobulin co n ce n tra t io n  o f  the
c o lo s t r a l  whey est imated  by e le c t ro p h o re s is  (F igure  36) ,  The mean
c o n cen tra t io n  o f  IgG^ in c o lo s t r a l  whey was 2 .90  -  1.51 mg/ml,
s i g n i f i c a n t l y  lower ( p < 0 , 0 1 )  than the serum co n ce n tra t io n  o f  IgG^,.
There  was a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  between the mean co n cen tra t io n
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FIGURE 35 The mean c o n ce n tra t io n  o f  IgM in the lachrymal
f l u i d  o f  ten co los t ru m - fed  calves  during  the  f i r s t  
ten  weeks o f  1 i f e .
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TABLE 33
The concentra t ions  of  immunoglobulins in the serum and c o lo s t r a l  whey
of the ten dams 0
Cow
No.
Serum C o lo s t ra l  whey
IgG, IgG IgA 
(mq/ml )
IgM IgG, I 9G2 IgA
(mq/ml)
IgM
77 12.70 12.20 0 .5 0 3 .8 0 124 4 .5 0 11.86 9 .4 8
79 12.30 6 .7 5 0 .3 6 3 .60 54 1 .15 3 .70 3 .2 8
80 12.00 13.40 0 .6 2 4 .3 2 78 6 .0 0 9 .7 4 4 .3 2
83 12.14 1 .1 6 0.51 1 .14 76 1 .90 5 .1 4 4 .0 8
85 9 .3 5 9 .30 0 .3 6 4 .6 6 98 1 .15 3 .72 4 .3 6
93 8 .00 1 .40 0 .3 6 0 .8 0 94 3 .0 0 7 .04 8 .80
98 8 .80 8 .80 0 .2 6 1 .5 6 84 2 .70 5 .1 4 3 .50
106 9 .0 0 8 .00 0 .3 6 2 .80 127 2 .00 8 .10 9 .90
204 10.00 8 .25 0.41 4 .9 0 120 3 .00 6 .0 0 7.00
224 8 .00 8 .80 2 .6 0 2 .0 4 114 3 .55 5 .20 0 .4 4
.Mean 10.23 7.81 0 ,63 2 .9 6 9 7 .0  2 .90 6 ,5 6 5.51
S.D. -  1 .87
•I'
- 3 . 9 6 - 0 . 6 9
+
-1 .51 -2 4 . 29  - t  .51 - 2 . 6 5 - 3 . 1 2
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o f  IgA (6 .5 6  ^  2 ,6 4  mg/ml) in whey and the mean co n cen tra t io n  in serum 
(p< 0 . 0 0 1 ) .  Although the  mean concentra t ion  of  IgM (5.51 -  3 .12  mg/ml) 
in c o lo s t r a l  whey was h igher  than t h a t  of  serum, the d i f f e r e n c e  was 
not s i g n i f i c a n t .
No c o r r e l a t i o n  e x is te d  between the c o n ce n tra t io n  o f  any 
c lass  of  immunoglobulin in the  ten c o lo s t ra l  wheys and the 48-hour  
serum co n cen tra t io n  o f  the same c lass of  immunoglobulin in the  c a lv e s '  
s era ,  nor between the gammaglobulin concentra t ions  o f  the c o lo s t r a l  
wheys and the  48-hour  ZST va lues .
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FIGURE 36 The r e l a t i o n s h i p  between the  co n c e n t ra t io n  o f
gammaglobulin and IgG^ in bovine c o l o s t r a l  whey.
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DISCUSSION
While  the newly born c a l f - i s  g e n e r a l ly  considered  
agammaglobulinaemic a t  b i r t h ,  several  authors have reported  the presence  
o f  low concentra t ions  o f  IgG and IgM in the sera of  pre -co l  o s t ra l  
neonatal  calves  ( P o r t e r ,  1972; Husband and o th e r s ,  1972; Penhale and 
o t h e r s ,  197 3 ) .  In the present  study s ix  o f  the ten calves  had low 
l e v e l s  o f  immunoglobulins in the p r e - c o lo s t r a l  s e r a . Two calves  had 
IgG^ and IgG^ in t h e i r  p re c o lo s t r a l  serum and two calves  had both IgG 
sub-c lasses and IgM in the p r e c o lo s t r a l  serum. In the remaining two 
calves  a l l  four  immunoglobulin c la s s e s ,  IgG^, IgG^, IgM and IgA, were 
detected in the p r e c o lo s t r a l  serum. Of the four immunoglobulin 
c la s s e s ,  IgA is de tected  l e a s t  f r e q u e n t ly  in p r e c o lo s t r a l  serum.
However, Brandon and L a s c e l le s  (1971) noted i t s  presence in t h o r a c ic  
duct lymph f l u i d  of  ca lves  c o l l e c t e d  p r io r  to  feed ing  w i th  colostrum.  
Husband and others  (1972) de tected  measureable concentra t ions  of  IgA 
in the  precol o s t r a l  sera o f  two o f  seven calves  and Mol la  (1978) 
recorded i t s  presence in the p r e c o lo s t r a l  serum of one o f  s ix  c a lv e s .
The source o f  such immunoglobulins is u n c er ta in  but they may represent  
the  i n i t i a t i o n  o f  the  c a l f * s  immune responses as suggested by Husband 
and o thers  (1972) s ince  the fo etus  is competent in c e r t a i n  immune 
responses from f i v e  months o f  age (S c h u l tz ,  1973 ) .  In g e n e ra l ,  
however,  s i g n i f i c a n t  l e v e l s  of  serum immunoglobulins a re  not produced 
by the c a l f  u n t i l  i t  is between two to' th ree  weeks o f  age and 
p r o t e c t io n  aga ins t  neonatal  d isease in the in te r im  per iod  has been 
c l e a r l y  shown to depend on the presence o f  adequate amounts o f  maternal  
immunoglobulins acquired  through ingest ion  o f  co lostrum (Gay and o th e r s ,  
1965a , b ; McEwan and o t h e r s ,  1970a) .  .
The c oncentra t ions  o f  absorbed c o lo s t r a l  immunoglobulins in 
the serum o f  newborn ca lves  a re  o f t e n  determined by the z in c  su lphate  
t u r b i d i t y  t e s t  descr ibed by McEwan and others  (1970b) as used in Chapter  
2,  This assay has p re v io u s ly  been shown to  c o r r e l a t e  wel l  w i th  c a l f  
serum IgG and. IgM l e v e ls  (McEwan and o th e r s ,  1970b; McBeath and o t h e r s ,  
1971) and in the present exper iments i t  has a ls o  been shown to  
c o r r e l a t e  w i th  the t o t a l  sum o f  the in d iv id u a l  concentra t ions  o f  IgG^, 
IgG^, IgA and IgM present in p o s t - c o l o s t r a l  se ra .  I t  a ls o  c o r r e l a t e d  
wel l  w i th  the in d iv id u a l  48 -hour  serum concentra t ions  o f  IgG^ and IgA
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but not w i th  the 48-hour  c oncentra t ions  o f  IgG^, nor ,  in c o n t ra s t  to  
the f in d in g s  of  McEwan and o thers  (1970b),  w i th  the concentra t ions  o f  IgM
The degree o f  p r e c i p i t a t i o n  o f  immunoglobulins by s a l t  
s o lu t io n s  v a r ie s  w i th  both the  c o n c e n tra t io n  and nature  o f  s a l t  
s o lu t io n  used (Wil l iams and Chase, 19^7) and z in c  su lphate  so lu t io n s  
s e l e c t i v e l y  p r e c i p i t a t e  bovine IgG ( B u t l e r ,  1971 ; Cambier and B u t le r ,  
1974; Fey and o th e r s ,  197 6 ) .  There fo re  the h ig h ly  s i g n i f i c a n t  
c o r r e l a t i o n  found between the concentra t ions  o f  IgG  ^ and the values  
obta ined by the ZST t e s t  is not unexpected.  Both IgA and IgM are  
r e l a t i v e l y  so lub le  in z in c  s a l t  s o lu t io n s  ( B u t le r ,  1971; Cambier and 
B u t l e r ,  1974) and w i l l  not be f u l l y  p r e c i p i t a t e d  in the z in c  sulphate  
t u r b i d i t y  t e s t .  However, the s i g n i f i c a n t  c o r r e l a t i o n  between the  
serum concentra t ions  o f  IgA and the ZST values may be r e la t e d  to  the  
s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  shown to  e x i s t  between the  
concentra t ions  of  IgG  ^ and IgA in colostrum (B u t le r ,  Kiddy,  P ierce  
and Rock, 1972a) ,  al though no such c o r r e l a t i o n  was demonstrated in the 
present study.  The c o n c e n tra t io n  o f  IgG^ in p o s t - c o lo s t r a l  serum Is 
very low and thus even com para t ive ly  la rg e  v a r i a t i o n s  in the  
concentra t ions  of  IgG^ and IgM are  l i k e l y  to be masked by the  
preponderance o f  the p r e c i p i t a t e  due to  IgG^, making s t a t i s t i c a l  
c o r r e l a t i o n  w i th  the ZST r e s u l t s  u n c e r t a in .  W i l l ia m s  and others  (1975) 
examined sera from calves  approximate ly  th ree  weeks o f  age and found 
very s i g n i f i c a n t - c o r r e l a t i o n s  between the  concentra t ions  of  each o f  the  
four  immunoglobulin c lasses and ZST v a ju e s ,  which is s u rp r is in g  given  
both the short  h a l f - l i v e s  of  IgM and IgA, approximate ly  f i v e  and th re e  
days r e s p e c t i v e l y ,  and t h e i r  s o l u b i l i t y  in z in c  s a l t  s o lu t io n s .
Est imations o f  in d iv id u a l  serum immunoglobulin c oncentra t ions  
showed th a t  maximum serum c once ntra t ions  o f  a l l  four  immunoglobulin 
classes occurred between 16 and 24 hours a f t e r  the ingest ion  of  
colostrum,  times which a re  s im i l a r  to those recorded by Husband and 
others  (1972) but e a r l i e r  than those noted by Logan, McMurray,  0 ‘ N e l l l ,  
McFarland and McRory (1978 ) .  The serum c oncentra t ions  o f  
immunoglobulins a t  48 hours o f  age f a l l  w i t h i n  the range o f  those  
determined by other  workers (Table  3 0 ) .  The d i f f e r e n c e s  in the  
maximum serum concentra t ions  can be exp la ined  by the v a r i a t i o n s  in 
both the  amounts o f  colostrum ingested and the times of f i r s t  feeding  
(Selman, 1969; Kruse,  1970b) ,  The lac k  o f  c o r r e l a t i o n  between the  
concentra t ions  o f  in d iv id u a l  immunoglobulins in the c o lo s t r a l  whey
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and the subsequent conce ntra t ions  o f  these immunoglobulins in the  
c a lv e s '  sera a t  48 hours o f  age has been noted p re v io u s ly  (Klaus and 
o t h e r s ,  1969; Penhale and o t h e r s ,  1973; McGuire,  P f e i f f e r ,  Weikel and 
Bartsch,  1976) and was probably a ls o  due to  fa c t o r s  noted above.
Fol lowing the  in g es t io n  o f  co lost rum,  the serum IgG^ 
conce n tra t io n s  increased r a p id ly  in a l l  ten ca lv es ;  s i g n i f i c a n t  
conce ntra t ions  o f  IgG^ were detected  in the serum o f  the  fo ur  calves  
fed w i t h i n  an hour o f  b i r t h  and sampled a t  two hours a f t e r  colostrum  
feed in g  ( th re e  hours p o s t -p a r tu m ) . This  is s l i g h t l y  e a r l i e r  than the  
fo ur  hours post-partum when Logan and others  (1978) f i r s t  de tected  
immunoglobulins in the sera o f  t h e i r  c a lv es .  An examinat ion o f  the  
t h o r a c ic  duct lymph f l u i d  o f  13 calves  which were fed colostrum a t  s ix  
to  e ig h t  hours post -par tum,  revea led  t h a t  s u b s tan t ia l  concentra t ions  
o f  a l l  four  immunoglobulin c lasses f i r s t  appeared in the  lymph between 
30 minutes and th re e  hours a f t e r  colostrum feeding (Brandon and 
L a s c e l l e s ,  1971).  In the m a j o r i t y  o f  t h e i r  calves (8 /13 )  the  
c o n ce n tra t io n  o f  immunoglobulins in lymph f l u i d ' i n c r e a s e d  only  s l i g h t l y  
during the f i r s t  hour a f t e r  fe e d in g ,  but increased r a p id ly  dur ing the  
second hour and reached a maximum fo u r  hours a f t e r  f e e d in g .
In the case o f  the four  calves  (79,  93,  98 and 224,  Groups 
C and D) , which had the lowest ZST v a lues ,  the serum concentra t ions  o f  
I'gG^  increased a t  the same r a t e  as in the o ther  calves  over the f i r s t  
e ig h t  hours a f t e r  ingest ing  col o'st rum, but t h e r e a f t e r  no f u r t h e r  
s i g n i f i c a n t  increase occurred .  This may in d ic a t e  t h a t  only a 
p ro p o r t io n  o f  the a b s o rp t ive  c a p a c i ty  o f  the  small i n t e s t i n e  was 
u t i l i s e d .  The c o n ce n tra t io n  o f  IgG^ (54 mg/ml) in the c o lo s t r a l  whey 
ingested by c a l f  79 was almost h a l f  t h a t  of  the mean f o r  a l l  ten cows.
In the case o f  c a l f  93,  two f a c t o r s  may have combined to  reduce the  
t o t a l  amount o f  c o lo s t r a l  IgG^ absorbed; the c a l f  was not fed u n t i l  
s i x  hours post-partum and then i t  was only  fed 1500ml of  colostrum.
The poor absorpt ion  o f  th e  c o lo s t r a l  IgG^ by c a l f  224 cannot be e a s i l y  
exp la ined  in terms o f  e i t h e r  delayed feeding or  small amounts of  
c o lo s t r a l  IgG^. However the c o n c e n t ra t io n  o f  IgM in the  c o lo s t r a l  
whey from cow 224 was on ly  0 ,4 4  mg/ml and the c o n ce n tra t io n  o f  IgM in 
the  serum o f  c a l f  224 a t  48 hours o f  age was only  0 ,2  mg/ml, less than  
the  suggested minimum (0 ,8  mg/ml) fo r  p ro te c t io n  a g a in s t  c o l (s e p t ic a e m ia  
(Penhale and o t h e r s ,  197 0 ) ,
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Penhale and others  (1973) found th a t  the  t ime o f  I n t e s t i n a l  
c lo sure  a f t e r  b i r t h  v a r ie d  between the d i f f e r e n t  c lasses of  
immunoglobulin from 16 hours f o r  IgM to 27 hours fo r  IgG. The 
est imated c lo sure  t ime f o r  IgA was 22 hours.  Logan and others  (1974a)  
noted t h a t  calves may have adequate serum concentra t ions  o f  one 
immunoglobulin c lass  but may be d e f i c i e n t  in another c la s s ,  f r e q u e n t l y  
IgM. This d e f i c ie n c y  was a t t r i b u t e d  to  the e a r l y  c lo sure  o f  the  
i n t e s t i n e  to  IgM molecules but as has been demonstrated above i t  may 
a lso  be a r e s u l t  o f  low immunoglobulin c oncentra t ions  in the colostrum.  
Thus the f i n a l  serum concentra t ions  o f  colostrum der ived  maternal  
immunoglobulins may t h e r e f o r e  depend upon both the q u a n t i t y  o f  c o lo s t r a l  
immunoglobulin presented t o  the c a l f  and the r a te  o f  c losure  fo r  t h a t  
s p e c i f i c  immunoglobulin c lass  In the i n t e s t i n e .
The h a l f - l i v e s  o f  the fo ur  classes o f  immunoglobulins 
c a lc u la t e d  from the decrease in absorbed c o lo s t r a l  immunoglobulins in 
the present s tudy ,  IgG^, 21 ,5  days; IgG^, 28 .5  days ; IgA, 2 .6 4  days ; 
IgM, 6 .9 5  days,  accord wel l  w i th  values determined by s i m i l a r  methods 
by o the r  workers (Husband and o th e r s ,  1972; P o r t e r ,  1972; Logan and 
o th e r s ,  1973 ; Sasaki and o th e r s ,  1977a) .  The apparent h a l f - l i v e s  
determined by t h i s  method have g e n e r a l ly  been longer than those  
c a lc u la t e d  from r a d io - i s o t o p e  s tu d ie s ,  as Sasaki and others  (1977a) 
c a lc u la t e d  t h a t  the h a l f - l i f e  o f  IgG  ^ in the neonatal  c a l f  was 11 ,5  
days by isotope s t u d ie s ,  but 19 .9  dayâ by the method used above.
There are two poss ib le  e xp la na t ions  fo r  the very long apparent h a l f -  
l i f e  o f  4 3 .8  days determined fo r  IgG^ in c a l f  79; e i t h e r  s i g n i f i c a n t  
amounts o f  endogenous IgG^ were being synthesised o r ,  as in man, the  
f r a c t i o n a l  c a t a b o l i c  r.ate o f  IgG^ is. d i r e c t l y  propor t iona l  to  i t s  
serum conce ntra t ion  (Hobbs, 19 7 4 ) ,  The endogenous product ion o f  
both IgG^ and IgG^ Is thought to  occur between e ig h t  and 16 days of  
age (Husband and o th e r s ,  1972 ) .  However in the  present study,  the  
mean concentra t ion  o f  IgG^ a t  ten weeks o f  age was only  1 ,9 6  mg/ml, 
cons iderab ly  less  than the  co n cen tra t io n  found in a d u l t s ,  McGuire 
and others  (1976) a ls o  noted t h a t  the serum c o n cen tra t io n  o f  IgG^ 
remained below 1.0  mg/ml u n t i l  two months o f  age,  but even a t  th re e  
months the mean co n ce n tra t io n  was s t i l l  only 1 .8  mg/ml. In co lostrum-  
depr ived lambs synthesis  o f  IgG^ only  begins a t  th re e  to  four  weeks of
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age and as l a t e  as f i v e  to  s ix  weeks in co lost ru m - fed  lambs (V a r e la -  
Diaz and Soulsby,  1972; Pearson and Brandon, 1976; Verdouw-Chamalaun,  
N oordz i j  and Goudsward, 1 9 7 7 ) .  A. temporary d e f i c ie n c y  o f  IgG^ dur ing  
the  f i r s t  few weeks o f  l i f e  has a ls o  been demonstrated in goats (Micusan,  
Boulay and Borduas, 1 976 ) .  I t  is u n l i k e l y  th a t  IgG^ c o n t r ib u te s  
s i g n i f i c a n t l y  to  the immunological p r o te c t io n  o f  the c a l f  during  the  
neonatal p e r io d .
The serum conce n tra t io n s  of  IgA a t  48 hours o f  age were much 
h igher  than those normally  found in a d u l t  bovine serum, but they  
dec l ine d  r a p i d l y .  Husband and others  (1972) found t h a t  the  c a l f  only  
began to  synthesise  s i g n i f i c a n t  q u a n t i t i e s  of  IgA when approximate ly  
nine weeks o l d .  In the  present  s tudy ,  the serum c o n c e n tra t io n  o f  IgA 
was less  than 0 . 4  mg/ml in almost every  case between two and s ix  weeks 
o f  age but t h e r e a f t e r  began to  increase  g r a d u a l l y .  In human babies  
s i g n i f i c a n t  concentrâ t  ions o f  serum IgA become d e t e c t a b le  dur ing the  
fo u r t h  week o f  l i f e  (West, Hong and Ho l land ,  1962; Stiehm and 
Fudenberg,  1 9 6 6 ) .  In co lost ru m -dep r ived  lambs IgM is the f i r s t  o f  the  
fo u r  immunoglobulin c lasses  to  be detected in the serum a t  approx im ate ly  
e ig h t  days of  age (Cole and M o r r i s ,  197 1 ) .  In ca lves  the endogenous 
production o f  IgM a ls o  begins during  the second week o f  l i f e  ( Ingram  
and Malcolmson, 1970; Husband and o th e rs ,  1972) .
lgG| was detected  in te a r s  c o l le c t e d  p r i o r  to  the inge st ion  
o f  colostrum o f  only one c a l f  ( 7 9 ) .  A11 fo ur  immunoglobulin c lasses  
were present in the p r e - c o l o s t r a l  serum o f  t h i s  c a l f  w i th  the  
co n ce n t ra t io n  of  IgG^ being 0 .9 0  mg/ml. Smith and o thers  (1976) were 
unable to  de tect  any immunoglobulins in the te a rs  o f  lambs c o l l e c t e d  
before  ingest ion  of  co lostrum but the  mean co n ce n t ra t io n  o f  0 ,2 8  mg/ml 
IgG a t  24 hours o f  age was on ly  s l i g h t l y  lower than the 0 .3 7 7  -  0 .1 7  
mg/ml IgG^ a t t a i n e d  in the  present s tudy.  Although these authors  d id  
not separate  IgG i n to  i t s  two sub-c las ses ,  i t  is h ig h ly  probable t h a t  
they were measuring IgG^. The h ighest  co n ce n tra t io n  of  IgG in the  
te a r s  o f  lambs occurred a t  th re e  days whereas in t h i s  study the  h ig h es t  
mean c o n cen tra t io n  o f  IgG^ occurred a t  24 hours.  Subsequently the  
co n ce n t ra t io n  of  IgG^ in the te a rs  of  the ca lves  f e l l  s lo w ly ,  Pedersen  
and Nansen (1972) demonstrated a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
between the co n ce n t ra t io n  of  IgG  ^ in the serum and te a r s  o f  a d u l t  cows.  
This  r e l a t i o n s h i p  has now been confirmed f o r  the c o n c e n t ra t io n  o f
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p a s s iv e ly  acquired  serum IgG^ and the  c o n ce n tra t io n  o f  IgG^ in lachrymal  
f l u i d  a t  48 hours o f  age.  A h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  a ls o  
e x is te d  between the mean serum c o n c e n tra t io n  of  IgG^ and the  mean 
c o n ce n t ra t io n  of  IgG. in te a rs  throughout the ten week pe r io d .  The
4-
mean c o n c e n tra t io n  o f  IgG^ o f  0 .1 89  -  0 .0 8  mg/ml in lachrymal f l u i d  
o f  the ten calves  a f t e r  30 days o f  age was s i m i l a r  to  those found in 
a d u l t  cows by o th e r  workers (Table  2 9 ) .
When c a l f  224 developed a c o n j u n c t i v i t i s  a t  e ig h t  days o f  
age, a marked increase in the c o n ce n t ra t io n  o f  IgG  ^ occurred from 
0 .1 5 6  mg/ml on day 6 to  0 .3 7 8  mg/ml on day 8.  The eyes were c l i n i c a l l y  
normal on day 10 and t h i s  was r e f l e c t e d  in c o n c e n tra t io n  o f  IgG  ^ which 
had f a l l e n  to  0 .1 56  mg/ml on t h i s  day.  In an examinat ion o f  the  
Immunoglobulins in the  te a r s  produced in e x p e r im e n t a l ly  induced 
I n f e c t i o u s  k e r a t o - c o n j u n c t i v i t i s ,  Pedersen (1973) found th a t  
co n ce n tra t io n  o f  IgG^ decreased because o f  the increased production o f  
te a rs  but t h a t  the  t o t a l  IgG secre ted  increased.  The increased  
co n ce n tra t io n  o f  IgG^ in te a rs  o f  c a l f  224 on day 8 is probably  
i n d i c a t i v e  o f  an increased c a p i l l a r y  p e r m e a b i l i t y .
The v i r t u a l  absence o f  IgM and IgA from the te a r s  o f  the
calves  during  the  f i r s t  ten days o f  l i f e  is almost i d e n t i c a l  to  the
s i t u a t i o n  t h a t  occurs in lambs (Smith and o t h e r s ,  197 6 ) .  In lambs 
both IgM and IgA only  became d e t e c t a b le  in the  lachrymal f l u i d  when 
the lambs were between two and th re e  weeks o ld  but by 21 days of  age 
the  co n ce n t ra t io n  o f  IgA exceeded t h a t  o f  both IgM and IgG. In the  
present s tudy,  the mean c o n c e n t ra t io n  o f  IgA a t  14 days of  age 
(0 .4 3 7  -  0 .2 66  mg/ml) was h igher  than the mean c o n c e n tra t io n  of  IgG^
(0 .32 3  -  0 .212  mg/ml) and IgM (0 .273  -  0 .1 8 4  mg/ml) .  T h e r e a f t e r  the
co n ce n t ra t io n  o f  IgA increased r a p id ly  and from 30 days o f  age was 
always in excess of  2 mg/ml, which is s i m i l a r  to  the  c o n c e n tra t io n  
found in a d u l t  cows (Table  2 9 ) .  A r o r a , T r i p a t h i ,  K i l l i n g e r  and Myers 
(1977) examined lachrymal f l u i d  from calves o f  d i f f e r e n t  ages , from a
few days to  33 weeks o l d .  IgA was on ly  detected  in the  te a r s  o f
ca lves  more than th r e e  weeks o ld  and the conce ntra t ions  o f  IgA found 
in the  te a r s  o f  o ld e r  ca lves  were much lower than the  values found
in the present study.  They were unable to  d e te c t  IgM in any samples.
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The h ighest mean c o n c e n tra t io n  o f  IgM (0 .2 8  mg/ml) occurred  
on day 12 and the  c o n c e n t ra t io n  o f  IgM exceeded t h a t  o f  IgA on days 8,
10 and 12,  I t  is  o f  i n t e r e s t  to  note t h a t  IgM immunocytes predominate  
in Harder ian  glands o f  chickens during  the f i r s t  fo u r  weeks o f  l i f e .
From four  to ten weeks o f  age IgG and IgA immunocytes a re  present in 
equal numbers and t h e r e a f t e r  IgA immunocytes predominate ( A l b i n i ,  Wick,  
Rose and Or lans,  1 97 4 ) .  No study o f  the  immunocytes o f  c a l f  
lachrymal glands appears to  have been c a r r i e d  o u t ,  but A i tk en  and 
Survashe (1977) found moderate plasma c e l l  i n f i l t r a t i o n  o f  both the  
Harder ian  and lachrymal glands of  two a d u l t  cows, w i th o u t  
d i f f e r e n t i a t i n g  the  plasma c e l l  types w i th  s p e c i f i c  immunoglobulin 
a n t i s e r a .  The m a j o r i t y  o f  plasma c e l l s  in human, presumably a d u l t ,  
lachrymal glands s t a in  f o r  IgA, w i th  only  the occasional  IgG and IgM 
plasma c e l l s  being present  ( F r a n k l i n ,  Kenyon and Tomas i , 197 3 ) .
Smith and o thers  (1976) a ls o  examined the nasal s ec re t ions  
o f  newborn lambs f o r  immunoglobulins before  and a f t e r  in g e s t in g  
colostrum and over the f i r s t  14 days of  l i f e  recorded concen tra t io n s  
s i m i l a r  to  those found in lachrymal f l u i d .  The dramat ic  increase in 
the  co n ce n tra t io n  o f  IgA which occurred a t  21 days in lachrymal f l u i d  
was not so apparent  in the  nasal s e c r e t io n s .  During the f i r s t  s i x  
weeks o f  l i f e  the peak c o n ce n t ra t io n  o f  IgG in the nasal and t rac h ea l  
washings was approximate ly  0 ,8  mg/ml. The r e l a t i v e  co n c e n t ra t io n  o f  
IgG^ decreased from the f i r s t  v/eek o f - l i f e  to  s ix  weeks o f  age. At  
one week o f  age the c o n c e n t ra t io n  o f  IgM was h igher  than the  
c o n ce n t ra t io n  o f  IgA but from th r e e  weeks of age the  c o n ce n tra t io n  o f  
IgA exceeded t h a t  o f  IgM.
Although IgA was de tected  in the  lachrymal f l u i d  of  two ca lves  
(77,  79) during  the f i r s t  48 hours o f  l i f e ,  IgG^ was the predominant  
immunoglobulin o f  bovine te a r s  fo r  at  l e a s t  the f i r s t  ten days o f  l i f e .  
There are  several  mechanisms by which the pa ss iv e ly  acquired  IgG^ may 
be t r a n s f e r r e d  in to  lachrymal s e c r e t io n s .  As IgG^ was present in 
the  te a r s  o f  a l l  ten ca lves  by e ig h t  hours p o s t -co los t rum ,  the  
p o s s i b i l i t y  o f  loca l  pro duct ion  occurr ing  w i t h i n  the lachrymal gland 
can be d iscounted .  The tv/o most probable e xp lan a t io n s  are  the  
simple  d i f f u s i o n  o f  IgG^ from the in t r a v a s c u la r  compartment in to  the  
lachrymal f l u i d  or the s e l e c t i v e  t r a n s f e r  o f  t h i s  immunoglobulin from 
the  blood.
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Q u a n t i t a t i v e l y  IgG^ Is the predominant p a s s iv e ly  acquired
Immunoglobulin in neonatal  c a l f  serum and, as 40 to  45 per cent of
the t o t a l  IgG  ^ occurs e x t r a v a s c u l a r l y (Pedersen, 1973 ) ,  i t s  appearance
in s ec re t io n s  by a simple d i f f u s i o n  process is not unexpected.  The
f a c t  t h a t  a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was found to  e x i s t
between the c o n ce n tra t io n  o f  IgG^ in tea rs  and the serum IgG^
c o n cen tra t io n  a t  48 hours o f  age a ls o  suggests th a t  a simple d i f f u s i o n
process was o c c u r r in g .  Bovine IgG^ has an in t r a v a s c u l a r : e x t r a v a s c u l a r
d i s t r i b u t i o n  r a t i o  s i m i l a r  t o  t h a t  o f  bovine IgG  ^ (Pedersen, 1 973 ) ,
and i f  these Immunoglobulins are  t r a n s f e r r e d  to  the lachrymal f l u i d  by
simple d i f f u s i o n  the r e l a t i v e  p ropor t ion  o f  serum IgG^ appear ing in
te a r s  should be s i m i l a r  to  t h a t  o f  IgG^. This  method o f  approach,
however, is obv ia ted  because of  the low serum concentra t ions  o f
p a ss iv e ly  acquired  IgG^ a t t a i n e d .  The c o n cen tra t io n  o f  IgG^ in the
lachrymal f l u i d  was approx im ate ly  1 to  1 .5  per cent o f  the  serum
c o n c e n t r a t io n .  At 48 hours o f  age the mean serum c o n ce n t ra t io n  of  
+
IgG^ was 0 .6 6 4  -  0,31 mg/ml and 1 per cent of  t h i s  is less  than the  
minimum co n ce n tra t io n  o f  IgG^ (0 .008  mg/ml) which could be detected  
in the  .present s tudy .
The i n t r a v a s c u l a r : e x t r a v a s c u l a r  d i s t r i b u t i o n  o f  bovine IgA 
has not been determined,  but in man approximate ly  55-60  per cent o f  IgA 
is found e x t r a v a s c u l a r l y (Tomas i and Grey,  197 2 ) ,  In man the  
i n t r a v a s c u l a r : e x t r a v a s c u l a r  d i s t r i b u t i o n  r a t i o  o f  IgM is 4:1 and a 
s i m i l a r  d i s t r i b u t i o n  has been pos tu la ted  fo r  bovine IgM (Penhale and 
o th e r s ,  197 3 ) ,  I t  is t h e r e f o r e  u n l i k e l y  th a t  IgM would be t r a n s f e r r e d  
to lachrymal f l u i d  by t r a n s u d a t io n .
Under the  exper imental  cond i t ions  employed in the present  
study the  minimum d e te c t a b le  c o n c e n t ra t io n  of  IgA was 0,01 mg/ml.
The maximum serum IgA co n c e n t ra t io n  a t t a i n e d  was 7 .2  mg/ml ( c a l f  83) 
and i f  IgA was d i f f u s i n g  a t  a s i m i l a r  r a te  to  IgG^, the corresponding  
c o n ce n tra t io n  o f  IgA in lachrymal f l u i d  would have been 0 ,072  mg/ml,  
s i g n i f i c a n t l y  above the minimum co n ce n tra t io n  d e t e c t a b l e .  However 
IgA was not de tected  in the lachrymal f l u i d  of  c a l f  83 a t  any t ime  
during  the f i r s t  48 hours.  IgA was detected  in the  lachrymal f l u i d  
o f  two ca lves  (77 ,  79) during  the f i r s t  48 hours post -par tum .  In 
c a l f  77 i t  was noted as e a r l y  as two hours pos t -co los t rum ;  a t  two 
hours post -co lostrum  the c o n c e n t ra t io n  of  IgA in the  lachrymal f l u i d
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represented 6 . 8  per cent of  the serum c o n c e n t ra t io n .  Excluding t h i s  
sample', the^ concentrâ t  i on of  IgA in the lachrymal f l u i d  during the  
f i r s t  48 hours o f  l i f e  was, on average,  1 .08  per cent o f  the serum IgA 
c o n c e n t r a t io n .  During the same per iod the c o n c e n tra t io n  of  IgA in 
the  lachrymal f l u i d  o f  c a l f  79 was approximate ly  3 .5  per cent o f  the  
serum IgA c o n c e n t ra t io n .  C a l f  79 was the only c a l f  in which any 
immunoglobulins (IgG^ -  0 .0 2 8  mg/ml) were de tected in lachrymal f l u i d  
p r i o r  to  the in g es t io n  o f  colostrum and in which low concentra t ions  o f  
a l l  fo u r  immunoglobulins were found in the p r e - c o lo s t r a l  serum. There  
is  l i t t l e  doubt t h a t  the IgA detected  in the  te a r s  o f  c a l f  79 was 
der ived  from the serum, as no IgA could be detected  in the  te a rs  from
fo u r  to  14 days o f  age and no IgA was detected in the serum between
s ix  and 24 days of  age.
Th is  very  poor t r a n s f e r  o f  absorbed c o lo s t r a l  IgA to a t
l e a s t  one mucous sur face  confutes  the suggestion o f  Por te r  (1972) th a t  
the  short  h a l f - l i f e  of  absorbed IgA was d i r e c t l y  r e la t e d  to  i t s  
s e l e c t i v e  t ra n s p o r t  onto mucous s u r fa c e s .  However as bovine c o lo s t r a l  
IgA cons is ts  mostly  of  I I S  molecules ( B u t l e r ,  1971) i t  is poss ib le  
th a t  the  e x t r a v a s c u l a r : i n t r a v a s c u la r  d i s t r i b u t i o n  o f  IgA is s i m i l a r  to  
t h a t  o f  IgM w i th  only  small q u a n t i t i e s ,  i f  any,  d i f f u s i n g  from the  
in t r a v a s c u la r  compartment.
The p o s s i b i l i t y  t h a t  IgG^ is s e l e c t i v e l y  t r a n s f e r r e d  to  
lachrymal f l u i d  cannot be over looked.  I t  has been e s ta b l is h e d  th a t  
IgG  ^ is s e l e c t i v e l y  t ra nspor ted  from serum in to  the colostrum of cows 
(Sasaki and o th e r s ,  1977b),  sheep (Watson and L a s c e l le s ,  1973) and 
goats (Micusan and Borduas, 1 97 6 ) .  This s e l e c t i v e  t r a n s p o r t  is a 
fu n c t io n  of  the Fc fragment of  IgG^ molecules,  as the t r a n s f e r  of  
IgG^ Fc fragments from serum to colostrum is s ix  times g r e a t e r  than  
the  corresponding t r a n s p o r t  o f  IgG^ Fc fragments (Micusan and Borduas,  
1976) .  I t  has a ls o  been suggested t h a t ,  compared to  e i t h e r  IgM or  
IgA, c o lo s t r a l  IgG is taken up s e l e c t i v e l y  by the a b s o rp t ive  c e l l s  of  
th e  c a l f ' s  i n t e s t i n e  (Penhale and o th e rs ,  1973).
A study of the  immunoglobulins in the lachrymal s e c re t ions  
of  a d u l t  cows demonstrated t h a t  the IgG^ralbumin r a t i o  o f  lachrymal  
f l u i d  was s ix  times g r e a t e r  than t h a t  o f  serum. In the same s tudy ,
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the lachrymal c o n ce n t ra t io n  o f  IgG^ could be determined a c c u r a te ly  in 
only  s ix  o f  the 20 cows sampled. In these s ix  an ima ls ,  the  
co n ce n tra t io n  of  IgG^ in the lachrymal f l u i d  was 0 .3 3  per cent of  the  
serum IgG^ c o n c e n t r a t io n ,  whereas the c o nce ntra t ion  of  IgG  ^ in the  
lachrymal f l u i d  was 0 .9 2  per cent o f  the serum c o n c e n tra t io n  of  Ig G p  
In the  remaining 14 cows the c o n ce n tra t io n  of  IgG^ in the lachrymal  
f l u i d  was less than the minimum d e te c t a b le  of  .0 ,6  mg/100ml (Pedersen 
and Nansen, 1972 ) .  The t r a n s p o r t  of  both IgG sub-c lasses  in to  
lachrymal sec re t ions  has been in v e s t ig a te d  in c a t t l e  aged f o u r - t o - t e n  
months w i th  r a d i o - l a b e l l e d  IgG  ^ and IgG^ and a t  t h a t  age i t  was shov/n 
t h a t  IgG  ^ was s e l e c t i v e l y  t ran sp o r te d  in to  lachrymal f l u i d  (Pedersen,
1973) .
In the present  study i t  was not poss ib le  to determine i f  
th e r e  was any s e l e c t i v e  t r a n s f e r  o f  absorbed c o lo s t r a l  IgG^. This  
would have requ ired  the simultaneous de te rm ina t ions  o f  albumin  
concentra t ions  in the serum and lachrymal f l u i d ,  or the  use of  r a d i o ­
l a b e l l e d  lgG.| and IgG^. However, in view o f  the  above mentioned 
s tud ie s  i t  is tempting to  suggest t h a t  th e re  is every  p o s s i b i l i t y  o f  
the s e l e c t i v e  t r a n s f e r  o f  absorbed c o lo s t r a l  IgG  ^ from blood to  mucous 
s u r face s .
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CHAPTER 5 
GENERAL DISCUSSION AND CONCLUSIONS
GENERAL DISCUSSION AND CONCLUSIONS
The present study has- confîrmed and extended the f in d in g s  of
e a r l i e r  workers ,  no tab ly  Selman (1969) and Kruse (1970a; 1970b) on the
a bsorp t ion  of  c o l o s t r a l  immunoglobulins by the newborn c a l f .  In the
vast m a j o r i t y  o f  c a lv e s ,  e a r l y  a s s is t e d  suck l ing  to s a t i a t i o n  r e s u l t s
in high c i r c u l a t i n g  conce ntra t ions  o f  absorbed c o lo s t r a l  immunoglobulins
The mean weight o f  co lostrum ingested by 100 ca lves  a s s is t e d  to  suckle
+to  s a t i a t i o n  immediately a f t e r  b i r t h  was 2 .2 9  “ 0 ,6 3  kg and t h i s  
represented 7.1 per cent o f  t h e i r  b i r t h w e ig h t .  As the t ime from b i r t h  
to  the complet ion of  suck l ing  was 6 5 .7 4  ^  2 2 ,9 4  minutes,  i t  demonstrates  
t h a t  the  newborn c a l f  has no d i f f i c u l t y  ingest ing  l a r g e  q u a n t i t i e s  o f  
colostrum in the immediate post-partum p e r io d .  Although the presence  
of  the dam has been shown to  enhance the absorpt ion  of  c o lo s t ra l  
immunoglobulins under s t r i c t l y  c o n t r o l l e d  c ond i t ions  (Selman and o th e rs ,  
1971b),  a l lo w in g  ca lves  to  remain w i th  t h e i r  dams f o r  the f i r s t  12 
hours o f  l i f e ,  a f t e r  being a s s is t e d  to  suckle to  s a t i a t i o n  immediately  
a f t e r  b i r t h ,  f a i l e d  to  produce a s i g n i f i c a n t  increase  in the  
concentra t ions  o f  absorbed immunoglobulins In the blood a t  48 hours o f  
age. However, th e re  was- some evidence th a t  mother ing and the  
o p p o r tu n i t y  to  ingest  more Colostrum during  t h i s  12 hour per iod may 
r e s u l t  in higher  serum c o n cen tra t io n s  of  absorbed immunoglobulins in 
the in d iv id u a l  c a l f  (Chapter 2,  Sect ion  I ) ,  but the  e x t r a  e f f o r t  
invo lved outweighs any p r a c t ic a l  advantage.
Kruse (1970c) suggested t h a t  the  p o s s i b i l i t y  of  
hypogammaglobulinaemia could be minimized by feeding a t  l e a s t  two 
k i lograms o f  co lostrum w i t h i n  f i v e  hours of  b i r t h ,  but in the  present  
s tudy ,  i t  has been demonstrated t h a t  a small number o f  calves  ( less  
than 5%) may remain s e v e re ly  hypogammaglobulinaemic ( less  than 10 ZST 
u n i ts )  d e sp i te  inge st ing  t h i s  q u a n t i t y  of  colostrum w i t h i n  90 minutes  
o f  b i r t h .  Colostrum w i th  low whey immunoglobulin concentra t ions  was 
respons ib le  fo r  t h i s  serum immunoglobulin d e f i c i e n c y .  As noted by 
Kruse (1970a) ,  t h i s  is most commonly caused by prepartum loss of  
colostrum in the  l a s t  days o f  g e s t a t io n .  However, in the present  
study ,  two an imals ,  both f i r s t  c a lv in g  h e i f e r s ,  produced colostrum  
w ith  very  low co n c e n tra t io n s  o f  îrranunoglobu l ins  in the whey, w i th o u t  
d r ip p in g  colostrum p r i o r ' t o  p a r t u r i t i o n .  No s i g n i f i c a n t  d i f f e r e n c e
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could be demonstrated between the immunoglobulin concentra t ions  o f  the
whey prepared from the colostrum of  f i r s t  ca lv in g  h e i f e r s  and
mul t lparous  cows. The mean c o n ce ntra t ion  o f  immunoglobulins in the
+
whey prepared from the colostrum of  163 cows was 7 .50  -  2 .4 9  g/ lOOml.
Logan (1977) has shown th a t  the le v e l  of  feeding has a d i r e c t  e f f e c t  
on the volume o f  colostrum produced in beef cows, and th e r e f o r e  on 
the t o t a l  mass o f  immunoglobulins ' a v a i la b le  f o r  the newborn c a l f .
As the s in g le -s u c k le d  c a l f  g ives  only  a low f in a n c ia l  r e t u r n ,  b e e f - 
cows a r e ,  o f  n e c e s s i ty ,  f r e q u e n t l y  mainta ined on less  than adequate  
d i e t s ,  and the i n e v i t a b l e  low serum concentra t ions  o f  pass ive ly  
acquired immunoglobulins may be a major fa c t o r  in the outbreaks of  
neonatal  d ia rrhoea  which f r e q u e n t ly  occur in s in g le -s u c k le d  calves  
(Woode and o th e rs ,  197 5 ) ,  Because o f  t h e i r  in te n s iv e  management, low 
colostrum y ie l d s  a re  u n l i k e l y  to  be a s i g n i f i c a n t  problem in d a i ry  cows.
In f a c t ,  the p o s s i b i l i t y  o f  d i l u t i o n  of  the c o lo s t r a l  immunoglobulins 
in the  h i g h - y i e l d i n g ,  "steamed-up" d a i ry  cow should not be over looked.
The small survey o f  the  serum immunoglobulin concentra t ions  
o f  calves  less than one week o ld  which were being sold through markets  
in the  west o f  Scot land revea led  t h a t  approximate ly  40 per cent were 
s eve re ly  hypogammaglobulinaemic. The p ropor t ion  o f  hypogammagl obulinaemic  
calves  is very s i m i l a r  to those found in previous surveys cover ing the  
same geographical  area (Gay and o th e r s ,  1965a; 1965b; F isher  and o th e rs ,
1968; McEwan and o th e rs ,  1970a).. Fur thermore ,  a survey o f  d a i ry  
h e i f e r  calves  re ta in e d  on the farms of  b i r t h  in same re g io n ,  showed 
t h a t  a s im i l a r  p ro p o r t io n  o f  these animals were a ls o  hypogammaglobulinaemic  
(Selman and o t h e r s ,  1971 a) and in d ica ted  th a t  t h e i r  immediate p o s t -n a ta l  
husbandry was no b e t t e r  than t h a t  given to  the surplus male c a lv e s .
The r e s u l t s  o f  the present survey demonstrate the d i f f i c u l t y  in 
communicating basic  s c i e n t i f i c  in form at ion  to  the farming community.
Examination of  the incidence o f  d iarrhoea  in group-reared  
calves  during the f i r s t  four  weeks of  l i f e  revealed th a t  i t  was highest  
during  the second week o f  l i f e .  Although i t  has been f r e q u e n t ly  
demonstrated th a t  marked d ia rrhoea  is accompanied by weight  loss (Roy 
and o th e rs ,  1955a; Dalton  and o th e rs ,  I9 6 0 ;  F isher  and M a r t in e z ,
1975b),  no s i g n i f i c a n t  c o r r e l a t i o n  could be shown between the  inc idence  
o f  d iarrhoea  during the  f i r s t  fo ur  weeks o f  l i f e  and the  l l v e w e lg h t  
gain  over th a t  per iod  in seven of  e ig h t  groups o f  c a lv e s .  Furthermore
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th e r e  was no s i g n i f i c a n t  c o r r e l a t i o n  between the incidence o f  d ia rrhoea  
during the f i r s t  fo u r  weeks o f  l i f e  and the serum c oncentra t ions  of  
absorbed immunoglobulins a t  48 hours o f  age in any of  the e ig h t  groups 
of  c a lv e s .  These f in d in g s  may have been due to  the  high serum 
conce ntra t ions  o f  p ass ive ly  acqu ired  immunoglobulins,  and the use of  
c lean accommodation f o r  each group which may have prevented a ‘"bui ld ­
up o f  i n f e c t i o n "  (Roy and o th e rs ,  1955a; Wood, 1 955 ) .  The one group 
(Group 1 2 ) ,  in which th e re  was a s i g n i f i c a n t  c o r r e l a t i o n  between the  
1 iveweight  gain and the  incidence o f  d ia rrho ea  during  the f i r s t  fo u r  
weeks of  l i f e  had the lowest mean co n cen tra t io n  o f  absorbed 
Immunoglobulins (17 .33  -  1 0 .4 9  ZST u n i t s ) ,  and the longest assembly 
per iod (31 d a y s ) .
The ca lves  w i th  access to  the automatic  feeder  ingested much 
more m i lk  s u b s t i t u t e  than Is normally  o f f e r e d  under the  t r a d i t i o n a l  
tw ice  d a i l y  b u c ke t - fe ed in g  system. A h ig h ly  s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n  was demonstrated between volume of m i lk  consumed and both 
the  d a i l y  1 iveweight  gains and the  t o t a l  1 iveweight  gain  over the  
per iod  o f  m i l k - f e e d i n g .  There was no evidence to  suggest th a t  these  
high d a i l y  in takes  o f  m i lk  predisposed the ca lves  to  d ia rrho ea  and,  
thus ,  confirmed the  f in d in g s  of  Mylrea  (1 966 ) .
Several  important r e s u l t s  emerge from the study on the  
absorp t ion  and r e d i s t r i b u t i o n  of  the in d iv id u a l  c lasses of  
immunoglobulins.  Very rap id  a bsorp t ion  o f  c o lo s t r a l  IgG  ^ occurs when 
colostrum is fed soon a f t e r  b i r t h .  S i g n i f i c a n t  concentra t ions  o f  IgG  ^
were detected in serum a t  two hours post -co lostrum feeding ( th re e  hours 
post-partum) in four  c a lv e s .  Serum c oncentra t ions  of  a l l  fo u r  c lasses  
o f  immunoglobulins reached a maximum between 16 and 24 hours a f t e r  the  
feed ing  of  colostrum. The absorbed IgG^. was r a p id ly  t r a n s f e r r e d  from 
the  i n t r a v a s c u la r  compartment t o  the c o n ju n c t iv a l  mucous s u r fa c e ,  and 
in s i g n i f i c a n t  c o n c e n t ra t io n s .  This IgG^, which may reach the  
lachrymal f l u i d  e i t h e r  by simple  t ra n s u d a t io n  or s e l e c t i v e  t r a n s f e r ,  
prov ides  immunological p r o t e c t io n  u n t i l  the mucous sur faces of  the  
eye begin to  synthes ise  s i g n i f i c a n t  q u a n t i t i e s  of  s ec re to ry  IgA a t  two 
to  th r e e  weeks o f  age.  A s i m i l a r  increase  in the co n c e n t ra t io n  of  
lachrymal IgA a t  approx im ate ly  the  same age has a ls o  been demonstrated  
in lambs (Smith and o t h e r s ,  1 9 7 6 ) .  During the immediate post-partum  
p e r io d ,  absorbed c o lo s t r a l  IgA is only  poor ly  t r a n s f e r r e d  to  the
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lachrymal f l u i d , ' a n d  the  short  h a l f - l i f e  of  absorbed IgA is not  
assoc ia ted  w i th  i t s  t r a n s f e r  to mucous sur faces as was suggested by 
P o r te r  (1 9 72 ) .  The c o n c e n tra t io n s  of  IgG^ in c o lo s t r a l  whey are  
extremely  low and t h i s  was r e f l e c t e d '  in the low c oncentra t ions  o f  t h i s  
immunoglobulin in the p o s t - c o l o s t r a l  sera o f  the c a lv e s .  Even a t  ten  
weeks o f  age the  serum c o n ce n tra t io n  o f  IgG^ was s t i l l  very low, being  
only  20 to  25 per cent o f  the co n ce n tra t io n  in a d u l t  serum. This  is  
i d e n t i c a l  to the s i t u a t i o n  which p e r ta in s  in lambs (V a r e la -D ia z  and 
Soulsby,  1972; Pearson and Brandon, 1976; Verdouw-Chamal aun and 
o t h e r s ,  1977 ) ,  and almost c e r t a i n l y  t h i s  is r e la t e d  to  the  b io lo g ic a l  
fu n c t io n s  of  IgG^.
This  study has not complete ly  resolved the  r o le  of  p a ss iv e ly  
acquired  serum immunoglobulins in neonatal  c a l f  d ia rrhoea ,  but i t  has 
been shown t h a t  e a r l y  in g e s t io n  o f  colostrum r e s u l t s  in the  rapid  
appearance o f  IgG^ a t  one mucous s u r fa ce .  This  process is l i k e l y  to  
be repeated a t  a l l  mucous surfaces throughout the  body, inc lud ing  the  
i n t e s t i n e ,  and is thus l i k e l y  to  prov ide  t h a t  mucous sur face  w i th  
immunological p r o t e c t i o n .  C e r t a i n l y  de Rham and I s l i k e r  (1977) have 
shown th a t  bovine IgG^ is only  very  s lowly  degraded by the  a c t io n  o f  
t r y p s i n ,  and suggested t h a t  any IgG  ^ which reached the  i n t e s t i n e ,  e i t h e r  
by a c t i v e  s e c re t io n  or t r a n s u d a t io n ,  would r e t a i n  i t s  antibody a c t i v i t y .
The importance o f  the  e a r l y  ingest ion  o f  colostrum was 
i l l u s t r a t e d  by Logan' and others  (1977) who reported t h a t  two c a lv e s ,  
which were e x p e r im e n t a l ly  inocu la ted  w i th  an e n t e r o t o x ig e n ic  E . c o l i  
o r a l l y  a t  one. and two hours o f  age before  re c e iv in g  colostrum a t  th re e  
and four hours o f  age,  were not p ro tec te d  d e sp i te  a c q u i r in g  high serum 
conce ntra t ions  o f  absorbed immunoglobulins.  Three contro l  c a lv e s ,  
which were chal lenged w i th  the  same s t r a i n  o f  E . c o l i  two hours a f t e r  
being fed colostrum a t  f i v e  hours o f  a ge , d id  not develop d ia rrho ea  and 
remained normal throughout the  exper imenta l  p e r io d .  The authors  
suggested t h a t ,  to  prevent adhesion o f  the  pathogenic E . c o l i  to  the  
i n t e s t i n a l  e p i t h e l iu m ,  immunological p ro te c t io n  must be present be fore  
I n f e c t i o n .  The present study has demonstrated th a t  the newborn c a l f  
can ingest approx im ate ly  seven per cent  of  i t s  b i r th w e ig h t  o f  colostrum  
w i t h i n  an hour o f  b i r t h .  This  mass o f  colostrum w i l l  prov ide  the  
i n t e s t i n a l  t r a c t  w i th  an Immediate immunological b a r r i e r  aga ins t  
c h a l le n g e ,  and w i l l  e f f e c t  the maximal absorp t ion  of  these c o lo s t r a l  
immunoglobulins,  r e s u l t i n g  in high serum immunoglobulin conce n tra t io n s  
In a t  l e a s t  95 per cent o f  c a lv e s .
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APPENDIX 2
TABLE 1
Data regarding the  breed, sex and. the serum concentra t ions  o f  Immuno* 
g lo b u l in s  o f  the 25 calves  of  Group A,
C a l f Breed Sex
Serum immunoglobulin  
co n c e n t ra t io n  (ZST un i ts )
P r e - c o l o s t r a l  P o s t -c o lo s t ra l  
(15 minutes (48 hours 
post-par tum) post-partum)
48 hour serum 
c o n c e n t ra t io n  o f  
absorbed immuno- 
gl obul î ns (ZST 
uni ts)
1 Fr M 2 46 44
2 A F 1 33 32
3 A M 1 27 26
4 AxFr M 1 33 32
5 Fr M 1 30 29
6 AxFr M 1 24 23
1 A M 1 27 26
8 A F 1 34 33
9 A M 0 16 16
10 AxFr M 2 35 33
11 A M 1 21 20
12 AxFr F 2 31 29
13 A F 2 31 29
14 A M 1 22 21
15 AxFr M 1 37 36
16 A F 0 23 23
17 Fr F 2 26 24
18 AxH M 1 32 31
19 AxFr F 2 32 30
20 A M 2 27 25
21 AxFrxFr M 2 28 26
22 A F 1 20 19
23 AxFr F 1 21 20
24 A M 1 28 27
25 AxSh M 0 27 27
A -  Ayrsh i re  ; Fr = F r i e s i a n ;  H -  Hereford ;
Sh = Shorthorn.
25“^
APPENDIX 2 TABLE 2
Data regarding the t o t a l  p r o t e in  and. immunoglobulin c oncentra t ions  of  
the  c o lo s t r a l  whey fed to the 25 calves  In Group A.
C a l f
C o lo s t ra l  whey 
t o t a l  p ro te in  
concentrâ t  1 on 
(g /100  ml)
Whey 
immunoglobul in 
concent ra t  ion 
( g / 1 00 ml)
48 hour serum 
c o n c e n t ra t io n  o f  
absorbed immunoglobulins  
(ZST u n i ts )
. 1 15 .54 11.41 44
2 13.58 9 .8 0 32
3 1 0 .24 6 .23 26
4 7 .4 4 5 .8 3 32
5 8 .4 0 6 .1 9 29
6 8 .3 8 6 .0 9 23
7 8 .8 0 6 .7 8 26
8 11.22 8.31 33
9 8 .6 6 5 .0 9 16
10 12.02 8 .9 9 33
11 1 1 .64 7 .82 20
12 9 .4 8 6 .3 5 29
13 12.10 8.31 29
14 • 9 .3 6 6 .4 5 21
15 18.78 14.22 36
16 9 .0 4 5 .93 23
17 6 .5 0 4 .0 8 24
18 , 10 .36 7 .07 31
19 11.22 8 .0 4 30
20 7 .6 4  ' 5 .2 6 25
21 1 1 .6 4 8 .8 3 26
22 10 .74 6.31 19
23 9 .6 0 6 .1 2 20
24 9 .32 6 .6 4 27
25 9 .32 6 .70 27
Mean 1 0 .4 4 7.31 2 7 .2 4
S.D. t  2 .6 5 -  2 .1 6 t  6.11
S.E. -  0 .5 3 -  0 .4 3
+
-  1 .22
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APPENDIX 2 TABLE 3
Data regarding the b i r t h  weight and weight of  colostrum ingested by the  
25 calves  in Group A.
C a l f
B i r t h  weight  
o f  c a l f  (kg)
Weightof colostrum  
ingested (kg)
48-hour  serum 
c o n cen tra t io n  of  
absorbed immunoglobulins  
(ZST u n i ts )
1 4 4 .5 2 . 8 44
2 35.3 3 .2 32
3 39.1 3.1 26
4 3 6 .4 2 .9 32
5 2 9 .8 2 .0 29
6 46.1 3.1 23
7 38.2 3 .5 26
8 2 8 .9 1 .6 33
9 3 0 .6 0 . 8 16
10 2 8 .4 2 .5 33
11 36.5 1 .9 20
12 3 2 .9 • 3 .0 29
13 30.1 2 . 4 29
14 43 .2 2 . 9 21
15 38.1 2 . 4 36
16 3 1 .9 4.1 23
17 32.1 2.1 24
18 35 .5 2 . 4 31
19 3 9 .6 3 .4 30
20 32 .8 2 .3 25
21 3 7 .7 1 .5 26
22 2 5 .5 1 .7 19
23 3 4 .4 3 .0 20
24 2 8 .5 2 .0 27
25 2 9 .8 2 .3 27
Mean 34 .64 2 ,5 2 2 7 .2 4
S.D. -  5 .3 4  
+
-  0 .7 3 1 6.11
+ .
S.E. -  1 .0 7 t  0 -15 -  1.22
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APPENDIX 2 TABLE 4
Data regarding the  t ime requ ire d  f o r  newly born calves in Group A to  
suckle t h e i r  dams to s a t i a t i o n  and the  t o t a l  t ime from b i r t h  to  
completion of  s u ck l in g .
C a l f
Time requi red 
to  suckle  to  
s a t i a t i o n  (mîns)
Time from b i r t h  
to  complet ion o f  
suck l ing  (mins)
48 hour serum 
co n ce n tra t io n  o f  
absorbed immunoglobulit 
(ZST u n i ts )
1 24 65 44
2 34 83 30
3 40 87 26
4 25 65 32
5 23 87 29
6 29 75 23
7 29 74 26
8 25 90 33
9 28 60 16
10 54 115 33
11 21 63 20
12 22 52 29
13 16 55 29
14 ‘ 29 76 21
15 35 100 36
16 33 69 23
17 26 55 24
18 . 22 72 31
19 15 64 30
20 15 48 25
21 17 50 26
22 34 73 19
23 25 67 20
24 22 52 27
25 • 25 72 27
Mean 26.72 70.76 2 7 .2 4
S.D. t  8 .5 9 + 16.30 -  6.11
S.E. -  1.72 -  3 .2 6 -  1.22
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TABLE 5
Data regarding the breed,  sex and the  serum c oncentra t ions  o f  immuno­
g lo b u l in s  o f  the 25 ca lves  of  Group B.
C a l f
No.
Breed Sex
Sérum immunoglobulin 
c o n ce n tra t io n  (ZST un i ts )  
P r e - c o l o s t r a l  P o s t -c o lo s t ra l  
(15 minutes (48 hours 
post-partum) post-partum)
48 hour serum 
c o n ce n tra t io n  of  
absorbed immuno­
gl obul Î ns (ZST 
u n i ts )
26 . A M 3 37 34
27 A F 2 25 23
28 *A F 2 37 35
29 *A M 1 30 29
30 A F 2 34 32
31 A M 1 39 38
32 A M 2 29 27
33 A M 1 37 36
34 AxFrxFr F 1 47 46
35 AxFr F 1 22 21
36 A M 0 25 25
37 AxFr F 0 25 25
38 A F 1 19 18
39 A •M 1 12 11
40 AxH M 3 39 36
41 A M 3 15 12
42 AxH F 0 30 30
43 . A M 1 19 18
44 AxFr F 1 23 22
45 A F 2 27 25
46 AxSh M 1 29 28
47 A M 1 26 25
48 AxFr F 0 36 36
49 A M 3 43 40
50 A M 2 42 40
A -  A y r s h i r e ;  Fr -  F r i e s i a n ;  H = H e re fo rd ;
Sh = Shorthorn.
*  Twins.
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APPENDIX 2 TABLE 6
Data regarding the t o t a l  p r o t e in  and the immunoglobulin concentra t ions  
o f  the  c o lo s t ra l  whey fed to  the  25 calves  o f  Group B under superv is ion  
immediately a f t e r  b i r t h  and the  f i n a l  48-serum c o n ce n tra t io n  o f  absorbed 
immunoglobulin o f  these 25 c a lv e s .
C a l f
C o lo s t ra l  whey 
t o t a l  p r o te in  
concentrâ t  ion 
(g/100 ml)
• Whey 
immunoglobul in 
concentrâ t  ion 
(g/100 ml)
48 hour serum 
c o n ce n tra t io n  o f  
Absorbed immunoglobulin 
(ZST u n i ts )
26 5 .6 4 3 .6 7 34
27 10.32 7 .35 23
28 9 .4 0 6 .6 6 29
30 13.22 8 .8 5 32
31 15.40 1 0 .8 4 38
32 8 .6 4 5.21 27
33 8 .4 0 5 .23 36
34 12.00 7 .03 46
35 9 .2 8 6 .2 3 21
36 16.00 10.86 43
37 9 .9 4 6 .6 7 25
38 6 .8 0 4 .7 4 18
39 6 .7 2 4 .3 0 11
40 9 .0 0 5 .9 4 36
41 9 .2 8 6 .1 7 12
42 12 .24 8 .5 8 30
43 7 .80 4 .7 9 18
44 7 .2 6 4 .6 5 22
45 9 .92 7 .13 25
46 9 .8 0 6 .8 3 28
47 7 .5 4 5 .42 25
48 9 .80 7 .70 36
49 11 .98 8 .2 5 40
50 12.00 7.91 40
Mean 9.91 . 6.71 2 9 .20
S.D. -  2 .5 7 -  1 .85 -  9 .4 0
+ « +S.E. -  0.51 -  0 .3 7 -  1 .88
258
APPENDIX 2 TABLE 7
Data regarding the b i r t h  weight  and weight o f  colostrum ingested by the  
25 calves  o f  Group B under superv is ion  immediately a f t e r  b i r t h .
C a l f
B i r t h  weight  
o f  c a l f  (kg)
Weightof colostrum  
ingested (kg)
48 hour serum 
co n ce n tra t io n  o f  
absorbed immunoglobulins  
(ZST u n i ts )
26 4 3 .3 3 .6 34
27 3 9 .4 0 . 4 23
28 30 ,8 3 .0 35
29 2 5 .5 1 .3 29
30 33.1 2 .3 32
31 41.1 2 .3 38
32 3 5 .8 3.1 27
33 24.1 2 .8 36
34 25 .3 2 .3 46
35 3 2 .7 2 .7 21
36 2 9 .4 . 2 .7 43
37 32 .8 2 .2 25
38 34 .8 3 .0 18
39 37 .8 2 ,2 11
40 36.1 3 .0 36
41 32 .7 0 .8 12
42 29.2 2 .2 30
43 35.1 2 .7 18
44 34 .0 3 .2 22
45 2 5 .7 1 .3 25
46 34 .8 2 .5 28
47 35 .7 2 .2 25
48 2 8 .6 3 .3 36
49 38.3 3 .0 40
50 40.1 3 .5 40
Mean
S.D.
S.E.
33 .45
-  5 .1 9
-  1 .0 4
2 .4 6
t  0.81 
*  0 .1 6
2 9 .20  
-  9 .4 0
t  1 .88
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APPENDIX 2 TABLE 8
Weightof colostrum ingested under superv is ion  a t  12 hours post partum 
by calves  in Group B and the t o t a l  weight of  colostrum ingested under  
s u p e rv is io n .
C a l f
Weight o f  colostrum ingested  
a t  12 hours post partum (kg)
Tota l  weight  
o f  colostrum ingested  
under s u perv is ion  (kg)
26 2 .3 5 .9
27 0 . 7 I d
28 1 .3 4 . 3
29 0 .8 2.1
30 - 2 . 3
31 1 .1 3 .4
32 1 .8 4 . 9
33 - 2 . 8
34 - 2 .3
35 - 2 . 7
36 - 2 . 7
37 0 .7 2 .9
38 ' “ 3 .0
39 2 .3 4 . 4
40 - 3 .0
41 - 0 , 8
42 - 2 .2
43 - 2 . 7
44 1 .4 4 . 6
45 1 .25
46 - 2 .5
47 0 .2 2 . 4
48 - 3 .3
49 - 3 .0
50 0.1 3 .6
Mean 1 .15 2 .9 7
S.D. -  0 .7 5
+
-  1 .1 8
S.E. -  0 ,23 -  0 .2 4
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APPENDIX 2 TABLE 9
Data regarding the  t ime requ ired  f o r  newly born calves in Group B to  
suckle t h e i r  dams to s a t i a t i o n  and the t o t a l  t ime from b i r t h  to  
completion o f  suck l ing  o f  the  i n i t i a l  feed post-partum.
C a l f
Time requ ired  
to  suckle to  
s a t i a t i o n  (mins)
Time from b i r th ,  
to  complet ion o f  
suck l ing  (mins)
48 hour serum 
co n ce n tra t io n  o f  
absorbed immunoglobulii  
(ZST u n i ts )
26 39 64 34
27 25 57 23
28 40 95 35
29 15 83 29
30 10 65 32
31 25 65 38
32 24 70 27
33 30 82 36
34 16 58 46
35 39 81 21
36 19 52 43
37 35 57 25
38 20 50 18
39 21 64 11
40 18 66 36
41 18 113 12
42 15 56 30
43 17 60 18
44 15 55 22
45 25 70 25
46 20 60 28
47 24 74 25
48 24 5.3 36
49 23 41 40
50 22 63 40
Mean 2 3 .1 6 66 ,16 2 9 .20
S.D. ' t  8 .0 2 -  15.41 -  9 .40
S.E. -  1.63 -  3 .0 8 t  1 .8 8
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•TABLE 10
The absorp t ion  o f  c o l o s t r a l  whey Immunoglobulin by newborn calves  
I n t e n s i t y  o f  management Group C
15 Calves a ided t o  suckle  to  s a t i a t i o n  immediately a f t e r  b i r t h
C a l f
No. Sex Breed
Bi r th  
Weight  
(kg)
Immunoglo b u l i  n 
c o n ce n trâ t io n  
o f
c o lo s t r a l  whey 
(g / l  00ml )
48-hour  serum 
Weight o f  c o n ce n t ra t io n  of  
colostrum absorbed immuno- 
i ngested g lo b u l in s  
(kg) (ZST un i ts )
I l l F A 3 0 .2 7 .0 9 2 .8 30
112 M A 27 .5 6 .9 7 1 .6 20
113 F A 3 0 .0 13 .56 2 .6 42
118 F AxF 3 1 .4 1 0 .0 4 3 . 4 40
120 F AxF. X F 2 5 .7  . 6 .3 2 1 .5 17
125 M F 3 0 .7 8 .7 7 1 .4 32
129 F AxAA 2 9 .3 9 .7 5 2 .3 28
133 M AxF. X F 3 6 .6 5 .1 8 1 .9 23
134 F FxH 31 .4 9 .3 2 1 .9 26
135 M AxH 4 0 .3 1 1 .49 3 .2 44
141 M AxF 3 2 .5 7 .13 1 .5 16
142 F FxH 30.1 8 .6 9 2 .7 38
144 F AxF 27.1 6 .4 2  ■ 2.1 11
147 M AxF 3 6 .6 9 .5 2 2 ,7 28
148 F AxH 32 .3 7 .16 2.1 27
Mean
S.D.
3 1 .45  
-  3 .8 9
8 .4 9  
-  2.21
2 .25
t  0 .6 3
28 .13  
t  9 .8 6
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TABLE 11
The absorpt ion  o f  c o lo s t ra !  whey immunoglobulin by newborn calves  : -  
I n t e n s i t y  of  management Group D 
15 Calves a l lowed to remain w i th  t h e i r  dams f o r  48 hours -  No i n t e r f e r e n c e
C a l f
No. Sex Breed
B i r th  
Weight  
(kg)
Immunoglobul i n 
c once ntrâ t !on  
o f
c o lo s t r a l  whey 
( g / l  00ml )
Weight o f  
colostrum  
i ngested 
(kg)
48-hour serum 
co n c e n tra t io n  of  
absorbed immuno­
gl o b u l ins 
(ZST un i ts )
107 F AxCh 27 .3 9 .7 8 ND'"' 49
109 M F 34.1 8 .2 9 ND 29
110 F A 3 1 .4 5 .0 5 ND 14
117 F AxCh 4 1 .6 7.31 ND 27
121 M A 3 9 .8 11 .58 ND 24
122 M AxH 4 2 .0 10 .40 ND 35
123 M AxExF 3 6 .8 4 .9 5 ND 1
124 F AxSh 34.0 9 .4 8 ND 24
130 F AxAA 3 4 .6 11 .57 ND 22
132 M FxAA 29 .7 9 .3 8 ND 23
137 F AxH 3 5 .4 5 .1 8 ND 24
138 F FxH 4 2 . 7 ' 6 .1 2 ND 13
139 M F 34 .2 9 .4 2 ND 6
143 M A 37 .0 6 .1 9 ND 15
146 F AxF.xF 35 .5 8 .23 ND 27
Mean
S.D.
3 5 .7 4  
-  4 .4 5
8 .2 0  
-  2 .2 9
22.20  
t  11.65
ND -  Not determined.
*  Cow t r e a t e d  fo r  m a s t i t i s  -  C lots  in a l l  four  quar te rs ,
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TABLE 12
The absorpt ion  o f  c o lo s t r a l  whey immunoglobulin by newborn calves  : -  
I n t e n s i t y  o f  management Group E
15 Calves fed 1700ml of  t h e i r  own dam's colostrum a t  8 hours post-partum
C a l f
No. Sex Breed
B i r t h  
Weight  
(kg)
Immunoglobul i n 
concentrâ t  ion 
of
c o lo s t r a l  whey 
(g / l  00ml)
Vol urne o f  
colostrum  
i ngested 
(ml)
48-hour  serum 
concentra t ion  of  
absorbed immuno­
globul î ns 
(ZST u n i ts )
108 M A 2 7 .5 3 .5 8 1700 ml 10
114 M A 31 .8 8 .5 9 1700 ml 27
115 M A 3 2 .9 1 .93 1700 ml 2
116 F A 39 .3 6 .4 6 1700 ml 17
119 M AxF.xF 2 4 .8 6 .32 1700 ml 15
126 M F 29.5 6 .1 8 1700 ml 23
127 F AxH 29.1 9 .5 5  . 1700 ml 22
128 F AxH 35 .6 10.96 1700 ml 17
131 F A 27.2 6 ,0 1 700. ml 18
136 M FxH 3 8 .9 10 .55 1700 ml 19
140 M F 3 2 .7 7 .12 1700 ml 12
145 M AxF.xF 2 8 .8 8 .33 1700 ml 26
149 M A 3 1 .8 10 .23 1700 ml 12
150 M AxF.xF 33.2 2 .30 1700 ml 3
151 M F 2 8 .4 11.50 1700 ml 2
Mean
S.D.
31 .43  
t  4 . 1 8
7 .30  
-  3 .05
15.00  
t  8 .1 8
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TABLE 13
In d iv id u a l  data f o r  100 ca lves  a s s is t e d  to  suckle  colostrum to  s a t i a t i o n  
once only  immediately a f t e r  b i r t h : -  Breeds
43 A y rs h i re  calves
C a l f
No.
B i r t h
weight
(kg)
Weight o f  
colostrum  
ingested  
(kg)
Immunoglobul in 
co n ce n tra t io n  o f  
c o lo s t r a l  whey 
consumed 
(g/100 ml)
48-hour  serum 
concentrâ t  I on 
o f  absorbed  
immunogl obul i ns 
(ZST u n i ts )
2 35 .3 3 .2 9 .80 32
3 39.1 3.1 6 .23 26
7 38 .2 3 .5 6 .7 8 26
8 2 8 .9 1 .6 8.31 33
9 30 .6 0 . 8 5 .0 9 16
11 36.5 1 .9 7 .82 20
13 30.1 2 .4 8.31 29
14 4 3 .2 2 .9 6 .4 5 21
16 3 1 .9 4.1 5 .93 23
20 3 2 .8 2 .3  . 5 .2 6 25
22 25.5 1 .7 6.31 19
24 28.5 2 .0 6 .6 4 27
52 2 4 .6 2 .7 8 .39 35
53 34 .2 2 .5 10.12 40
57 32 .6 2 .2 7 .84 18
62 32 .9 1 .7 4.41 13
63 25 .9 1 .7 8 .80 25
64 31 .5 2 ,0 . 8 .80 21
65 26 .6 2 .2 7 .83 35
68 36 .6 1 .6 7.55 23
69 4 0 .5 2 . 8 8 .2 9 30
70 2 7 .9 1 .9 8.01 26
72 38.2 3 .2 5 .8 8 23
74 27.0 2 . 8 7 .9 4 42
77 33.2 2 .3 9 .7 4 34
78 32 .3 2.1 7 .53 28
84 2 9 .7 1 .7 7 .5 4 39
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TABLE 13 ( C o n t ' d )
A y rs h i re  ca lves  (cont 'd )
C a l f
Noo
B i r t h
weight
(kg)
Weight o f  
colost rum  
i ngested  
(kg)
Immunogl obul i n 
c o n c e n tra t io n  o f  
c o lo s t r a l  whey 
consumed 
(g/100  ml)
48-hour  serum 
co n ce n t ra t io n  
o f  absorbed  
immunoglobul 1ns 
(ZST u n i ts )
89 29 .0 1 .8 12.51 45
91 26 .0 2 . 6 10.30 24
95 2 2 .9 1 .4 10 .88 36
96 3 0 .5 2 ,3 7.41 23
97 31 .5 2 ,2 7.41 19
98 3 4 .9 1 .8 7 .4 9 20
103 3 3 .9 1 .9 6 .9 0 27
104 18.1 1 .0 4 .0 2 16
106 26.1 1 .9 1 1 .04 38
111 3 0 .2 2 . 8 7 .0 9 30
112 27.5 1 . 6 6 .9 7 20
113 30 .0 2 . 6 13 .56 42
155 3 1 .6 2 .6 1 0 .0 8 29
156 33.3 2 .5 1 .5 8 5
158 3 5 .2 2 .5 4 ,9 3 23
161 2 9 .8 1 . 8 8 .5 7 31
Mean
S.D.
S.E.
3 1 .2 7
-  4 .9 2
-  0 .7 5
2 .2 4  
-  0 .6 5  
0 .0 9
7 .73  
-  2 .2 3  
i  0 . 3 4
26.91  
-  8 . 4 8  
■t 1 .2 9
266
APPENDIX 2 
TABLE 13 (Cont'd)  
24 A y r s h i r e x F r îe s îa n  calves
C a l f
No.
B i r t h
weight
(kg)
Weight o f  
colostrum  
i ngested 
(kg)
Immunoglobul i n 
co n ce n tra t io n  o f  
c o lo s t r a l  whey 
consumed 
( g /1 00 ml)
48-hour  serum 
c o n cen trâ t  Î on 
o f  absorbed  
immunogl obul Ins 
(ZST un i ts )
4 3 6 .4 2 . 9 5 .83 32
6 46.1 3.1 6 .0 9 23
10 2 8 .4 2 .5 8 .9 9 33
12 3 2 .9 3 .0 6 .3 5 29
15 38.1 2 .4 14.22 36
19 39 .6 3 . 4 8 .0 4 30
23 3 4 .4 3 .0 6 .1 3 20
54 36 .3 2 . 8 12 .16 53
55 34 .6 2 .2 7 .79 33
58 3 4 .8 1 .5 6 .30 22
61 4 1 .4 2 . 4 6.21 23
66 30 .5 1 .4 6 .4 9 14
67 31 .8 2 . 4 1 .8 7 4
75 4 4 . 7 3 .8 4 .0 2 19
76 3 2 .7 2 . 4 6 .3 0 35
81 23 .5 2 .3 6 .5 3 38
82 32 .2 2 .5 4 .3 2 23
118 3 1 .4 3 .4 10 .0 4 40
141 32 .5 1 .5 7 .13 16
144 27 .0 2.1 6 ,4 2 11
147 36 .6 2 . 7 9 .5 2 28
157 31.0 1 .5 11 .44 29
159 3 0 .9 2 ,3 8 .4 9 26
164- 3 5 .8 3 .5 6 .2 7 25
Mean 34.32 2 .5 4 7 .3 7 26 .7 5
S.D. -  5.21 ^  0 .6 6 -  2 .7 0 -  10.41
+
S.E, -  1 .06 -  0 .1 3 -  0 .5 5 -  2 .1 2
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TABLE 13 (Cont'd)
C a l f  
No.
B1 r th  
weight  
(kg)
Weight of  
colostrum  
i ngested 
(kg)
Immunogl obul i n 
c o nce ntra t ion  o f  
c o lo s t r a l  whey 
consumed 
(g /100 ml)
48-hour  serum 
concentrâ t  i on 
o f  absorbed 
immunogl obul i ns 
(ZST un i ts )
7 A y r s h i r e x F r l e s ia n x F r l e s ian calves  
21 3 7 .7  1 .5 8 .83 26
73 2 9 .8 2.1 1 .8 7 5
83 32.5 2 .3 8 .00 43
120 2 5 .7 1 .5 6 .32 17
133 36 .6 1 .9 5 .1 8 23
204 2 9 .8 2 .3 10.61 27
154 34 .5 2 . 4 7 .29 24
Mean 32.37 2 .0 0 -  6 .8 7 -  2 3 .5 7
S.D. -  4 .2 5 t  0 . 3 8 t  2.81 -  1 1 . 4 3
S.E. -  1.61 -  0 . 1 4 -  1 .0 6 -  4 .3 2
9 F r i e s ia n  calves
1 4 4 .5 2 . 8 11.41 44
5 2 9 .9 2 .0 6 .1 9 29
17 32.1 2.1 4 .0 8 24
51 39.1 3 .3 8 .2 7 29
56 2 7 .6 1 .6 5 .4 8 29
60 4 2 .0 3 .3 6 .8 5 27
125 30 .6 1 .4 8 .77 32
160 36 .3 2 .3 1 2 .2 4 38
162 3 8 .6 2 .5 10 .86 35
Mean 35.63 2 .3 7 8 .2 4 3 1 .8 8
S.D. -  5 .8 7 -  0 ,6 9 -  2 .8 3 -  6 .1 7
S.E. -  1 .96 -  0 .2 3 -  0 .9 4 -  2 .0 6
. 2f i8
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TABLE 13 (Cont'd)
Immunoglobuli n 48-hour  serum
Weight of conce ntra t ion  o f concentrâ t  ion
C a l f B Î r th colostrum c o lo s t r a l  whey of  absorbed
No. weight
(kg)
i ngested  
(kg)
consumed 
(g/100 ml)
immunoglobul ins 
(ZST u n i ts )
10 Hereford cross calves
18 35 .5 2 . 4 7 .07 31
59 28.3 1 .7 3 .6 7 19
85 34 .0 1 .7 9 .0 9 31
134 31 o4 1 .9 9 .3 2 26
135 4 0 .3 3 .2 11 .49 44
142 30.1 2 . 8 8 .6 9 38
148 32.3 2.1 7 .16 27
163 3 3 .2 2 .0 1 0 .88 31
165 3 6 .8 3 .2 8 .9 8 30
79 3 2 .4 1 .3 2 .4 8 8
Mean 33.43 2 .23 7 .8 8 28 .50
S.D. -  3 .45 -  0 ,6 5 -  2 .90 -  9 .8 3
S.E. -  1 .0 9
+
-  0 .2 0 -  0 .9 2 -  3.11
5 Other crosses
25 29 .8 2 .3 6 .7 0 27
71 37.5 2 . 4 7.51 26
80 39 .3 1 .83 6 .3 2 26
129 29 .3 2 .3 9 .7 5 28
166 3 0 .9 1 .8 4 .5 3 18
Mean 33.36 2 .1 2 6 .9 6 25 .0
S.D. “ 4 . 6 8 -  0 .2 9 - 1.90 t  4 .0 0
S.E. t  2 .09 -  0 .1 3 -  0 .8 5 -  1 .7 9
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TABLE 13 (Cont'd)
C a l f
No.
B i r th  
weight  
( k g )
Weight of  
colostrum  
i ngested 
( k g )
Immunogl obul î n 
concentra t ion  o f  
c o lo s t ra l  whey 
consumed 
(g/100 ml)
48-hour  serum 
concentrâ t  i on 
o f  absorbed 
immunoglobul Î n; 
(ZST un i ts )
Z Jersey cal ves 
l^ Z  20 .5 1 .4 11.99 35
i^S 22.50 3 .0 5.01 21
Mean 21 .5 2 .20 8 .50 28
TOTAL
100
CALVES
Mean 32 .59 2 .2 9 7.61 2 7 .1 7
S.D.
+
-  5 .22 -  0 ,6 3 “ 2 .49 -  8 .9 7
S.E. 0 .5 2 -  0 .0 6 -  0 .25 t  0 .8 9
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TABLE 14
Serum immunoglobulin ( ig) conce ntra t ion  o f  115 "market " c a l v e s .
C a l f Serum 1 g Cal f Serum 1 g C a l f Serum ig
No. cone. (ZST un i ts ) No. conc.  (ZST uni ts ) No. conc. (ZST un i ts )
P a is le y  2 2 /1 0 /7 3
399 • 5 403 2 407 14
400 42 404 2 408 0
401 16 405 32 409 8
402 9 406 6 410 1
P a is ley 7 /1 / 7 4
189 2 196 12 204 18
190 38 197 2 205 6
191 6 198 8 232 10
192 19 199 6 233 9
193 6 200 29 234 18
194 25 201 11 235 12
195 12 . 202 19 236 23
203 3 237 16
Kilmarnock 8 /1 0 / 7 4
121 5 125 19 129 42
122 30 126 22 130 37
123 17 127 9 131 50
124 22 128 31 132 33
P a is le y  7 /1 /7 5
141 11 145 5 149 2
142 7 146 39 150 23
143 2 147 3 151 25
144 21 148 0
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TABLE 14 (Cont'd)
C a l f  Serum Ig 
No. conc. (ZST u n i ts )
C a l f
Noo
Serum I g 
conc. (ZST un i ts )
Cal f  
No.
Serum Ig 
conc. (ZST uni ts)
Avr 8 / 1 / 7 5
152 10 157 3 162 19
153 21 158 17 163 19
154 16 159 25 164 0
155 13 160 26 165 27
156 1 161 3 166 22
P a is le y  1 4 /2 /7 5
134 19
135 7
136 17 137 5
P a is le y  7 /1 0 /7 5
299 17 303 29 307 44
300 36 304 29 308 15
301 19 305 32 309 43
302 15 306 ‘ 2 310 42
P a is le y  8 / 1 / 7 6
320 16 323 21 325 3
321 18 
322 21
324 23 326 9
Avr 2 0 / 1 / 7 6
273 8 277 7 283 3
274 8 278 8 284 6
275 1 279 11 285 7
276 2 280 3 286 9
275 14 281 6 287 5
276  14 282 3 288 4
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CALF WEIGHTS
TABLE 1
C a lf Ho. 1 2 3 4 5 6 7 8 9 10 11
Date of B irth 22/2/71 25/2/71 26/2/71 26/2/71 1/3/71 1/3/71 3/3/71 4/3/71 6/3/71 6/3/71 7/3/71
P Irth  Welqht 44.5  
Date/Weloht (kq)
35.3 39.1 36.4 29.9 46.1 38.2 28.9 30.6 28.4 36.5
26/2/71 47.3 35.9 - - - - - - - - -
5 /3/71 53.6 41.4 42.3 38.6 32.3 48.2 40.0 29.5 31.8 - -
12/3/71 60 .9 46.4 46.8 44.1 40.5- 52.7 45.5 34.5 36.4 33.2 37.3
18/3/71 62.7 48.2 47.7 47.3 40.9 56.4 49.1 37.7 40.0 39.1 42.3
25/3/71 64.5 48.2 50.9 49.1 42.7 56.8 53.6 45.0 43.2 42.7 43.6
1 /4 /7 1 * 72.7 50.9 53.6 53.6 50.0 60.0 58.2 45.5 46.4 49.1 43.6
8/4/71 7 1 .8 ' 52.3 53.6 54.5 50.0 60.0 58.2 47.3 48.2 49.1 46.8
15/4/71 78.2 59.1 60.0 60.0 55.0 65.5 62.7 50.9 54.5 52.7 51.4
22/4/71 86.4 63.6 63.6 64.5 58.2 70.5 68.2 56.4 59.1 58.2 58.2
29/4/71 95.0 67.3 69.1 70.5 64.5 75.5 75.5 58.6 64.5 61.8 63.2
6/5/71 102.7 73.2 75.0 76.4 70.9 83.6 79.1 65.0 70.0 68 .6 68.2
13/5/71 111.8 78.6 81.8 83.6 79.1 90.9 84.5 70.5 75.9 73.2 73.6
20/5/71 116.4 82.7 89.5 89.1 86.4 95.5 88.6 75.0 84.1 76.8 78.2
27/5/71 128.2 89.1 95.5 96.4 94.5 104.5 96.4 79.5 90.9 84.1 87.3
3/6/71 113.6 95.5 99.1 100.0 97.3 110.0 101.4 86.8 95.5 88.2 90.9
W t.at 28 days 63.6 48.2 51.4 50.0 44.5 60.5 58.2 45.5 46.4 49.1 45.0
W t.at weanlnq 
LVM b ir th  to
72.7 50.1 53.7 53.7 50.0 60.2 58.2 45.6 46.4 49.1 43.8
weant nq 28.2 14.8 14.6 17.3 20.1 14.1 20.0 16.7 15.8 20.7 7 .3
Days on milk  
Dally UWG- kq/dov
35 34 34 32 32 30 29 29 26 25
B irth  to  weanlnq 0.72 0.42 0.43 0.51 0.63 0.44 0.67 0.58 0.54 0.80 0.29
W t.at 12 wks. 114.4 82.7 90.5 90.1 91.0 100.6 95.3 79.5 90.9 85.3 88.8
+ Live weight gain *  A ll calves weaned 3/4/71
C a lf Ko.
Date of B irth  
P Irth  Weight 
Oate/Weloht (kg)
12
23/3/71
32.9
13 14 15
25/3/71 25/3/71 27/3/71
30.1 43.2 38.1
16
27/3/71
31.9
17 18
28/3/71 28/3/71
32.1 35.5
19
31/3/71
39.6
20
31/3/71
32.8
21 22
31/3/71 31/3/71 
37.7 25.5
23
1/4/71
34.4
24
1/4/71
28,5
25
3/4/71
29.8
25/3/71 32.7 - - - - - - - - . _
1/4/71 32.7 32.7 46 .4 37.3 35.0 32.7 36.4 40,5 30.9 36.8 24.5 36.4 - -
8/4/71 38,2 36.8 53.6 45.0 38.6 37.3 41 .8 40,9 37.3 38.2 27,3 37.3 31.8 33.2
15/4/71 44.5 37,3 55 .9 50.5 41 .8 40.9 44.5 41.4 36.4 38.2 29.1 37.7 32.3 33.2
22/4/71 50.0 39.1 60.9 55.5 45.0 43 .6 52.7 42.7 40.0 43.2 33.2 40.9 35.5 38.2
29/4/71 51.8 41 .8 64.5 59.1 48.2 46.4 54.5 46.4 41.8 47.7 37.3 40.9 36.4 41 .4
6 /5 /7 1 * 56.4* 48.2* 72.3* 65.5* 50.9* 49.5* 58.2* 48.2* 49.1* 52.7* 37.7* 45.9* 37.3* 4 2 .7 *
13/5/71 56.8 52.7 72.7 64.5 52.7 51.8 62.3 51.4 45.5 54.1 40.0 48.6 38.6 42.3
20/5/71 60.0 55.0 78.2 66.4 54.5 53.6 65.0 54.5 47.3 57.7 40.9 49.1 39.5 44.5
27/5/71 65.9 58.2 84.1 73.6 60.0 60.0 69.1 59.1 52.3 62.7 46.4 54.5 43 .6 48.2
3/6/71 72.7 64.1 93.6 81.4 65.9 67.3 78.2 64.1 56.8 66.8 50.9 58.6 48.2 52.7
10/6/71 79.1 68.2 102.7 87.7 70,5 71.8 82.7 70.5 61.8 73.6 53.6 64.1 50.0 57.7
17/6/71 83.2 72.3 110.9 95.0 77.3 79.1 90.9 76.4 67.3 79.1 56.8 71.4 55.5 62.7
24/6/71 90.0 79.1 122.3 103.2 82,3 87.3 103.2 85.0 73.6 89.1 67.3 78,6 60.0 68.2
1/7/71 NO NO 125.0 108.2 89.1 93.2 108,2 92.7 78.2 93.2 73.2 85.9 66.4 70.9
W t.at 28 days 48.6 39.1 60.9 56.4 45,9 45.0 53.6 44.1 41.4 46.8 36.8 40.9 36.4 41.8
W t.at weanlnq 56.4 48,2 72.3 65.5 50,9 49.5 58.2 48.2 49.1 52.7 37.7 45.9 37.3 42.7
LWG b ir th  to
ga».a!.na 23.5 18.1 29.1 27.4 19.0 17.4 22.7 8 .6 16.3 15.0 12.2 I l .S 8.6 12.9
Days on >milk 44 42 42 40 40 39 39 39 36 36 36 35 35 33
D ally LWG-kq/day
0.43 0.69 0.68 0.47 0.45 0,58 0.22 0.45 0^42 0.34 0.33 0.25 0.39
W t.at 12 wks. 82.0 72.3 110.9 97.3 78.7 82.6 96.2 89.0 72.7 87.6 65.8 78.6 60.0 68 .9
*  A ll calves weaned 6/5/71
273
APPENDIX 3
TABLE 2
GROUP 3
C a lf No. 26 27 28 29 30 31 32 33 34 35 36 37 38 39
Date o f B irth  11/6/71 11/6/71 15/6/71 15/6/71 17/6/71 18/6/71 18/6/71 19/6/71 20/6/71 22/6/71 22/6/71 24/6/71 25/6/71 26/6/71
G irth  Welaht(kq) 43.3 39.4 30.8 25.5 33.1 41.1 35.8 24.1 25.3 32.7 29.4 32.8 34.8 37.8
Datc/Welqht (kq)
17/6/71 51 .4 41.8 33.2 28 .6 - - - - - - .
21/6/71 58 .6 4 6 .4 36.8 31.8 38.6 47.3 41 .8 25.9 30.9 33.6 32.7
1/7/71 60 .9 49.1 38.2 33.2 40.5 47 .7 45 .5 30.9 32.7 39.1 35.5 36.8 38.6 44 .5
6/7/71 65 .9 50.9 44.1 37.3 44.1 49.5 46 .8 32.3 36.4 40.0 34.5 36.4 41.4 42 .7
15/7/71 69.1 52.7 49.1 39.1 49.1 51 .8 42.3 35.0 38.2 41.8 38.2 40.0 40 .0 44.1
2 Z /7 /7 I 74.5 50.5 51.4 47.7 53.2 53 .6 51.8 39.1 44.1 45.0 42 .7 42.7 45 .0 47.7
29/7/71 78.6 55.0 57.3 52.3 57.7 58.2 55.9 45.9 45.5 47.3 43.2 44 .5 47 .3 52.7
5/8/71 85.9^ 6 0 .9 * 6 3 .2 * 5 8 .6 * 62.7 65.0 58.2 49.5 49.5 51.8 50.5 49 .5 50.0 55.5
12/8/71 91.4 63.6 63.6 59.1 65 .0 * 6 9 .1 * 61 .8* S T .f 55 .5 * 59.5 54.5 54.1 57.7 58.6
19/8/71 101.8 72.3 75.0 67.3 70.5 73.2 67.3 58.2 56.8 6 1 .8 * 59 .1* 60 .0 * 6 3 .6 * 6 3 .6 *
26/8/71 109.5 77.3 80.5 77.3 78.6 84.1 74.5 62.7 61.4 67 .7 67.7 68.2 67.7 67.3
2/9/71 119.1 84.1 90 .0 85.5 86.8 93.6 79.5 70.5 66.8 78.6 74.1 76.4 77.3 66.4
9/9 /71 126.8 88.6 97.3 90.9 93.2 100.0 82.7 77.3 72.3 83.6 80 .9 83.2 83.2 70.9
16/9/71 136.4 94.5 100.9 97.3 100.0 110.0 91.8 65.5 77.3 92.7 88.6 88.2 89.1 81 .4
23/9/71 141.8 102.7 109.1 104.1 107.3 114.5 100.0 91.8 NO HO 94.5 NO 96.4 90.5
W t.at 28 days 66.8 51.3 48.2 38.7 50 .5 52.3 48 .6 36.8 41.4 44.5 42.2 43.2 45 .9 50.0
W t.a t weanlnq 85.9 60 .9 63.2 58.6 65 .0 69.1 61 .8 57.7 55.5 61.8 59.1 60.0 63.6 63.6
LWG b ir th  to
weanlnq 42 .6 21.5 32.4 33.1 31.9 28.0 26.0 33.6 30.2 29.1 29.7 27.2 28.8 25 .8
Days on m ilk 55 55 51 51 56 55 55 54 53 58 58 56 55 54
Da 1 ly  LWG-kq/day
B lrth  to  wean!nq1 0 .77 0.39 0.63 0.64 0 .57 0.51 0 .47 0.62 0 .57 0 .50 0.51 0.49 0.52 0.48
W t.a t 12 wks. 120.2 84.7 95.2 89 .4 93.2 94.5 84.0 79.6 74.4 90.1 86.4 88.2 90.1 84 .0
*  Each c a lf weaned when approximately 8 weeks old
GROUP 4
C e lf Ho. 40 41 42 43 44 45 46 47 48 49 50
Date o f B irth  6/7/71 8/7/71 11/7/71 11 /7 /7 I 11/7/71 13/7/71 20/7/71 22/7/71 22/7/71 25/7/71 25/7/71
B irth  Welqht (kol 36.1 32.7 29.2 35.1 34.0 25 .7 34.8 35.7 28 .6 38.3 40.1
Date/WeIqht (kq)
15/7/71 43.2 33.6 32.7 36.4 35.5
22/7/71 46.8 36.8 35.9 39.5 36.8 26 .4 35,5 - - - . -
29/7/71 49.1 41 .4 39.1 44.1 40.0 27.3 37.3 37.3 31.8 41 .8 45 .0
5/8/71 52.7 47 .7 45.5 47 .7 45.0 30.0 43.2 41 .4 33.2 42.3 45 .5
12/8/71 55.5 50.0 48 .6 50 .0 47 .7 32.3 44.5 41 .4 38.2 44.5 50.0
19/8/71 60 .0 53.6 55.0 57.7 52.3 36.4 50.0 48.6 41 .4 45.0 55.0
26/8/71 65 .9 60.5 59.5 63.2 58.6 39.5 54.5 52,7 47.7 49.5 57.3
2/9 /71  , 71 .8 * 6 6 .8 * 65 .0 * 72.7* 63 .6 * 4 5 ,0 * 61 .4 58.6 56.4 52.7 59.1
9/9 /71 77.3 70.0 70.5 75.0 69.1 49.5 69.5 65.0 56.4 56.8 63 .6
16/9/71 81.4 76.4 77-3 83.2 75.9 55.0 ,71.8* 67 .7 * 61 .8 * 58 .2 * 69 .5 *
23/9/71 91.8 79.5 84.1 ' 90.9 80.5 60.0 74.5 72.3 68.2 60.9 73.2
30/9/71 90.9 87.3 89.1 96.8 87.3 .6 5 .9 81.8 81.8 74.1 63.6 78.6
7/10/71 95.5 93,6 94.5 105.5 93.2 71.8 88.2 86.4 79.1 69.1 86 .4
14/10/71 HD HD 100.0 110.9 95.5 75.5 90.9 88.6 83.6 63.6 89.1
21/10/71 HD NO 106.4 117.3 97.7 81.8 97.3 102,7 90.0 70.0 97.7
W t.at 28 days 52.3 48.2 47.3 49.1 46 .4 31.8 49.1 49.1 42.3 47.7 56 .4
W t.a t weanlnq 71.8 66 .8 65.0 72.7 63.6 45.0 71.8 67.7 61.8 58.2 69.5
LWG b ir th  to  
weanlnq 35.7 34.1 35.8 37.6 29.6 19.3 37.0 32.0 33.2 19.9 29.4
Days on roll k 58 56 53 53 53 51 58 56 56 53 53
D aily  LWG-kq/day 
B irth  to weanlnq 0.62 0.61 0 .68 0.71 0.56 0.38 0,64 0.57 0 .59 0 .38 0.55
W t.at 12 wks. 91.4 87.3 91.4 100.5 89.8 70.1 90.1 88.6 83.6 68.2 92.8
*  Each c a lf  weaned when approximately 6 weeks o ld
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GROUP 5
C a l f  No. 51 52 53 54 55. 56 57
Date o f  B i r t h  24/8 /71 25/8/71 25/8/71 26/8/71 27/8/71 30/8/71 31/8/71
B ir t h  We 1a h t (ko) 39.1 24.6 34,2 36.3 34.6 27.6 32,6
Oate/Weloht (ko) 
26/8/71 40.5 25.0 34,1
2/9 /71 48.2 30.5 42 .7 41 .8 39.5 39.5 35.5
9/9/71 57.3 35,0 46.4 46,4 41,4 35.0 41,8
16/9/71 62,3 39.1 46.8 54,5 43.2 37.7 43,6
23/9/71 67.3 41 .4 50,9 57.7 46 .4 40.0 44.5
30/9/71 72.3 46.8 56,4 60,9 49.1 43.6 46.4
7/10/71 78,2 46 .8 59.1 64.5 52 .’3 48.6 49,1
1 4 /10 /7 1 * 89 .1* 51 .8* 6 2 ,7 * 72 .3* 55 .5* 53 .6* 4 5 .5 *
21/10/71 93.2 51.4 . 62,3 72,3 51.8 57.7 45.5
28/10/71 97.3 55,0 68,2 71.8 54,5 58.6 50.5
4/11/71 105.5 60.9 71.8 77.3 56,8 65.1 56.8
11/11/71 110.5 65,0 75.5 83.2 61,8 70.9 57.7
18/11/71 116,4 69,5 77.3 88.2 66,8 73.6 61 ,4
25/11/71 128.6 75.9 82.3 95.5 70,5 80,9 66,8
W t.a t  28 days 65.9 38,6 46.8 57.7 46.8 41,8 45,5
W t.a t  weanlnq 89.1 51.8 62.7 72,3 55.5 53.6 45.5
LWG b i r t h  to  
weanlnq 50.0 27.2 28,5 36,0 20,9 26.0 12.9
Days on m i lk 51 50 50 49 48 45 45
D al ly  LWG-kq/da> 
61 r th  to  v/ean ino 0,98 0.54 0,57 0.73 0.44 0.58 0.28
W t.a t  12 wks. 114,7 68.9 77.0 88,2 67.3 77,8 63.4
*  A l l  ca lves weaned 14 /10 /71
GROUP 6
C a l f  No. 58 59 6o 61 62 63 64 65 66 67
Date o f  B i r th  12/11/71 15/11/71 17/11/71 20/11/71 22/11/71 22/11/71 22/11/71 28/11/71 28/11/71 28/11/71
B ir t h  Welqht(kq) 34.8 28.8 42.0 41 .4 32.9 25.9 31.5 26.6 30.5 31.8
Date/WeIqht (ko)
18/11/71 40,5 31.8 41.8 - - - -
25/11/71 46,8 36.4 49.1 44,5 32.7 26.4 31.4 - - _
2/12/71 49.5 38.2 50.0 46.8 33.2 27.3 34.5 28.2 30,5 32,7
9/12/71 54.1 40 ,9 51.4 48.6 34,5 29.1 38.2 30,9 23,2 34,5
16/12/71 60,9 42,7 56.4 50.0 37.7 31.8 41 .4 34,1 30.5 39.1
23/12/71 66.8 50.0 56.8 53.2 40.5 33.6 45,0 35.0 31.8 40,9
29/12/71 70.9 51.4 59.5 56,4 44,1 38.2 50,0 40,0 33.6 44.5
6 /1 /7 2 * 76.8* 5 5 .^ 65.9* 60.9* 47.3* 40 .9* 53.6* 41 .8* 35 . f 47.3*
13 /1/72 82.7 59.5 68,6 70.0 54,5 47.3 60.0 46.8 40,9 46,8
20 /1/72 86,4 63.2 73,6 73.6 57.7 51.8 61}. 5 50,0 43,6 52.7
27 /1 /72 93,2 69.1 80.9 80,0 64.5 59.1 72,7 54.5 48.2 56,8
3/2 /72 101.8 77.3 88,2 89.1 73.6 66 .4 80.9 56.4 54,5 63.6
10/2/72 109.5 83,2 95.5 95.5 78,6 71.4 88,2 60.0 58,2 68.6
17/2/72 120,5 91 .4 104,1 105.0 86,8 78.2 94.5 65.0 6^1,5 73.2
24 /2 /72 125.9 94.5 110.0 89.5 89.5 83.6 96,4 65.5 66,4 77.3
W t.a t  28 days 56.1 42.3 56.3 51.4 39,5 33.2 44.1 37.7 32,8 43.2
W t.a t  weanlnq 76.8 55.5 65.9 60,9 47.3 40.9 53.6 41.8 35.5 47.3
LWG b i r t h  to
weanlnq 42.0 26.7 23.9 19.5 14.4 15.0 22.1 15.2 5 .0 15.5
Days on m i lk 55 52 50 47 45 45 45 39 39 39
D al ly  LWG-ka/dav
B i r t h  to  weaninc1 0.76 0.51 0.49 0.41 0.32 0.33 0 ,49 0.39 0.13 0.40
W t.a t  12 wks. 102,9 60.6 94.4 98,2 83.3 75.3 91.8 65.5 65.3 75.0
*  A l l  ca lves weaned 6 /1 /7 2
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GROUP 7
C e lf No. 68 69 70 71 72 73 74 75 76
Date o f B irth  1 6/12/71 20/12/71 1 22/12/71 23/12/71 23/12/71 24/12/71 25/12/71 26/12/71 27/12/71
B ir th  Welqht (kq) 36.6 40.5 27.9 37.5 38.2 29.8 27.0 44 .7 32.7
Dete/Welqht (kq)
16/12/71 36.4 - - - -  * - . . -
23/12/71 39.5 41 .8 29 .5 37.3 - Died .
29/12/71 40 .9 42.3 31.8 35 .9 37.7 - 29.1 45 .5 33.2
6 /1 /7 2 46 .8 45 ,9 32.7 39.1 40.5 - 28.2 42 .7 33.6
13 /1 /72 50.0 45.5 37.7 40 .9 42 .7 - 30.0 44.5 35.5
2 0 /1 /72 54.5 49.1 42.3 44.5 48 .6 - 32.7 46 .8 36.8
2 7 /1 /7 2 55.5 53 .6 45.5 49.5 51.8 - 33.6 50.0 39.1
3 /2 /7 2 62.3 56 .4 51 .4 54.5 59.5 - 34.5 58.2 45.5
10 /2 /72 64.5  ■ 60 .5 55,5 56 .4 61 .4 - 36.8 60.5 45 .5
17 /2 /72 69.5 64.5 57.7 62.3 63.6 - 40.0 65.0 49 .5
24 /2 /72 73.6 65.5 62.7 65.5 68.6 - 40 .9 67.7 52.7
2 /3 /7 2 * 80 .5* 72 .7 * 69.1* 7 2 .7 * 7 7 .3 * - 46 .4 * 75.0* 5 5 .3 *
9 /3 /7 2 87.7 74.1 74.5 76.9 82.7 - 53.6 81.8 61 .4
16 /3 /72 94.1 81 .4 60.5 82.3 90.0 - 54.5 87.3 66 .4
23 /3 /72  101 .8 87.3 89.1 86.4 97.7 - 60.0 95.5 71.8
W t.a t 28 days 50.5 48.2 42.2 45 .0 49.1 - 33.1 48 .7 38.2
W t.a t weanlnq 62.3 56.4 51.4 54.5 59.5 34.5 58.2 45 .5
LWG b ir th  to
aian.lna 25.7 15.9 23 .5 17.0 21.3 - 7.5 13.5 12.8
Days on m ilk 49 45 43 42 42 - 40 39 39
.D a lly  LWG-kq/day
B lrth  to weanlnq 0.52 0.35 0 .55  0 .40 0.51 - 0.19 0.35 0.33
W t.at 12 wks. 87.7 78.2 77.9 82.3 90.0 - 56.1 90.8 69 .5
*  A ll  calves weaned 2 /3 /7 2
GROUP 8
C a lf Ho. 82 83 84 85 86 87 88 69 90 91 92 93 94 95
Date of B irth  26 /3 /72  27 /3 /72  27 /3 /72  28 /3 /72  28 /3 /72  28 /3 /7 2  29 /3 /72 1 /4 /7 2 1 /4 /7 2 2 /4 /7 2 4 /4 /7 2 6 /4 /7 2 6 /4 /7 2 6 /4 /7 2
B irth  Welqht (kq) 32.2 32.5 29.6 34.0 25.5 30.0 34.3 29.0 27.7 26.0 31.2 30.0 29.6 22 .9
Date/We Iqht (kq)
30/3 /72 34.5 34.5 32 .7 36 .8  28.2 34.5 36.8 - - - - - - -
6 /4 /7 2 38.6 38.2 34.5 40 .0  30.9 - 34.5 35.5 29.1 31.4 28.6 30.9 30.9 29.5 22.9
13/4 /72 44.1 37.3 35.0 4 2 .7  32.7 37.7 37.3 28.2 34.1 30.5 33.2 34.5 31.8 23 .8
20 /4 /7 2 50 ,9 39.5 38.2 45 .5  36.8 41 .8 40.0 31.8 36.4 34.5 37.3 35.5 34.1 24 .7
27 /4 /7 2 55 .9 45.5 40.0 48 .6  42.3 4 6 .4 47 .7 34.1 40.0 38.2 37.8 37.7 37.3 28 .8
4 /5 /7 2 61 .4 47.7 41 .8 50.0  46 .8 50 .9 52.7 35.5 44.5 39.1 41 .4 39.1 40 .9 33.8
1 1 /5 /7 2 * 67 .8 51 .4 47.3 54.5  51 .8 53.6 56 .4 39.5 49.1 42.7 45,9 V}.1 45.5 35.6
18 /5 /72 68.2 57.3 52.3 57.3  57.3 55.9 57.7 42.3 50.9 46.4 51.8 46.4 46 .4 39.7
25 /5 /72 74.5 63.6 57.7 62 .7  67.3 60.9 62.7 46.4 56.8 54.1 59.1 51.8 51.8 46 .5
1 /6 /7 2 78.6 70.0 60.9 66 .8  71.4 66 .8 71.8 51.4 60.0 58.6 65.0 56 .4 56.4 52.4
8 /6 /7 2 65.5 76.4 65.5 75.0 75.5 72.3 77.3 56.4 66.4 64.5 71.8 60.0 61.8 58.8
15 /6 /72 92 .7 83 .6 72.3 79.1 85.5 76.4 84 .6 84.5 70.5 71.4 75.9 65.0 66 .8 64 .7
22 /6 /72 99.5 90.5 78.6 85 .5  89.5 83.2 92.7 68.6 76.8 76.8 84.1 69.5 74.1 70.6
29 /6 /72  1 06,8 96.8 85.9 92 .3  95.5 90.0 100.9 73.6 82,7 63.6 69.1 73.2 80.0 78.2
W t.a t 28 days 52.7 42 .9 39.2 47 .6  39.9 45.1 46 .6 34.4 41.3 38 .4 33.2 38.7 40.8 33.8
W t.a t weanlnq 71.4 56 .4 51.4 57 .3  56 .4 58.2 59.1 41 .8 52.7 46 .8 52.7 46 .4 49.1 4 4 .6
LWG b ir th  to
weanlnq 39.2 23 .9 21 .8 23 .3  30.9 28.2 24.2 12.8 25.0 20.8 21.5 16.4 19.5 21.7
Days on m ilk SI 50 50 49 49 49 48 45 45 45 44 42 40 40
Dal ly  LWG-kq/day
Bl r th  to weanlnq 0.77 0.48 0 .44 0 .48  0 ,63  0 .58 0.52 0 .28 0.56 0.46 0.49 0.39 0 .49 0 .54
W t.a t 12 wks. 95.6 87.5 75.9 83 .6  68.4 81.2 91.5 70.1 78.5 78.8 86.2 72.1 80.0 78.2
A ll calves weened 16/5 /72
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Calf Ho. 96 97
Oate of Birth 1/7/72 1/7/72
Birth Veloht(ka) 30. S 31.5
Date/WeIqht (kol
6/7/72 31.8 34.1
13/7/72 33.6 40.0
20/7/72 33-2 42.3
27/7/72 31.8 41.8
3/8/72 37.3 46.4
10/8/72 41.8 48.6
17/8/72 45.5 52.3
24/8/72* 50.5 58.2
31/8/72 54.1 65.0
7/9/72 58.6 70.5
14/9/72 64.5 74.1
21/9/72 70.5 80.5
28/9/72 77.3 88.2
5/10/72 80.5 92.7
12/10/72 83.2 97.7
Wt.at 28 days 34.1 43.7
Wt.at weanlnq 47.7 53.6
LWG b irth  to 17.2 22.1
wea n1nq
Days on p| 1 k 51 51
Dally LWG-kq/day
Birth to wean 1 no 0.34 0.43
Wt.at 12 wks. 72.4 82,3
Calf Ko. 107 108
Date of B irth 17/12 /  72 20/12/72
Birth Welqhtfko) 27.3 27.5
Oate/Weloht fkol
22/12/72 27.7 26.8
29/12/72 28.6 28.2
5/1/73 31.4 30.0
12/1/73 34.1 33.6
I 9/1/73 39.1 35.9
26/1/73 42.7 36.8
2/2/73 47.3 38.6
9/2/73 50.5 41.4
16/2/73* 54.1 43.6
23/2/73 56.6 47.7
2/3/73 61.4 51.4
9/3/73 68.6 57.3
16/3/73 74.1 60.9
23/3/73 76.4 66.4
30/3/73 MO NO
6/4/73 NO NO
Wt.at 28 days 35.5 35.3
Wt.at weanlnq 51.8 42.7
LWG birth  to
weanlno 24.5 15.2
Days on milk 56 53
Pa.l1 y LWG-ko/dav
Birth to weanlno 0.44 0.29
Wt.at 12 wks. 70.2 59.9
APPENDIX 3
TABLE. 5
CROUP 9
98
3/7/72
34.9
38.2
44.1
51.4
53.6
5 8 .6
56.4
62.7  
66.B
71.8
74.5
80.5
86.8
94.5
96.4  
102.3
56.4
65.5
30.6
49
0.62
91.2
109
2012/72
34.1
34.5 
35.9
37.7
37.7
39.1
39.1 
41.4
43.2
45.0
48.6
51.8
57.7
62.7
65.9 
NO 
NO
38.7
44.1
10,0
53
0.19
61-3
99 100 101 102 103 104 105 106
7/7/72 5/7/72 8/7/72 8/7/72 9/7/72 14/7/72 16/7/72 17/7/72
34.6 29.3 37.5 30.9 33.8 18.1 29.5 26.1
41,8 37.3 41.4 35.5 37.3 NO
- -
46.8 41.8 42.7 42.3 40.9 NO 30.9 26.8
49.1 45.0 46.8 40.5 45.5 NO 31.8 27.3
53.6 48.2 50.9 45.5 50.9 25.9 38.6 28.6
56.4 50.9 52.3 47.7 50.9 NO 38.6 32.3
59.5 55.9 56.8 51.8 53.2 NO 45.5 34.5
66.8 56.8 60.0 55.5 55.9 35.0 48.2 39.5
75.5 61.4 68.6 63.6 65.9 37.7 55.5 44.5
76.8 66.4 73.6 68.2 68.6 43.2 60.5 47.3
81.8 67.7 7S.2 73.6 74.1 46.8 65.9 52.3
89.5 72.3 81.8 77.7 79.5 52.3 71.8 54.1
94.5 78.2 90.0 85.5 87.3 56,8 78.2 59.1
95.5 83.6 96.4 88.6 94.1 63.6 82.7 65.9
100.0 89.5 103.2 93.2 100.9 68.6 88,2 72.3
53.9 48.2 51.4 46.4 51.6 NO 42.7 33.6
62.3 54,1 59,1 54.5 55.5 NO 49.1 37.3
27.1 24.8 21.6 23.6 21.6 NO 19.6 11.2
45 47 44 ■ 44 43 NO 36 35
0.60 0.53 0.49 0.54 0.50 NO 0.54 0.32
94.5 77.3 91.8 87.3 90.2 64.4 85.0 69.5
*  A ll calves weaned 21/8/72
CROUP 10
110 111 112 113 114 115 116 117 118 119 120 121
!4'12/72 2^12/72 27/12/72 t m t r n 2942/72 31/12/72 1/472 2/1/73 3/1/73 7/1/73 7/1/73 7/1/73
31.4 30.2 27.5 30.0 31.8 32.9 39.3 41.6 31.4 24.8 25.7 39.8
- - - . . .
32.7 30.0 27.3 30.5 - - - - - - . -
34.5 30.9 28.6 31.4 32.7 27.3 37.3 42.7 33.6 - . -
36.8 33.6 28.6 33.2 34.6 Died 36.8 41.4 33.2 24.6 25.5 39.6
43.2 36.4 33.6 34.1 40,5 - 34.6 45.5 35.0 24.6 24.6 38.2
45.9 38.6 30.9 35.5 43.2 - 34.1 46.8 34.1 Died 24.1 38.6
49.1 42.7 Died 39.1 50.0 - 37.3 50.0 Died - Died 45.5
54.6 45.5 - 42.3 55.5 - 38.2 55.5 - - - 48.2
60.9 50.5 - 46.8 56.8 - 40.5 51.4 - - - 51.4
67.3 55.5 - 51.4 64.1 - 41.4 55.5 - - - 55.0
72.3 58.2 - 55.0 68.2 - 45.5 59.1 - - - 60.0
82,3 64,5 - 59.5 75.9 - 51.4 65.5 - - - 66.4
90.0 68.6 -  • 66.4 81.4 - 55.5 70.0 - - - 72.3
94.5 73.2 - 70.5 86.4 - 59.1 74.5 - - - 78.2
HD NO - HO 96.4 - 66.4 84.5 - - - 86.4
NO NO - NO 103.6 - 72.7 90.9 - - . 95.0
44.0 37.3 31,6 35.0 43.2 - 35.5 48.6 - - . 46.2
57.3 48.2 - 44.5 56.8 * 39.5 56.4 - - - 50.0
25.9 18.0 - 14.5 25.0 - 0.2 14.8 . 10.2
49 48 - 46 44 - 41 40 - - - 35
0.53 0.38 - 0.32 0,57 . 0.005 0.37 0.29
91.3 70.6 - 69.3 86.4 - 62.2 61.6 - - - 88.8
*  A ll calves weaned 11/2/73
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Calf Ho. 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136
Date o f B irth  28/4/73  
B irth  welqht fkn) 42.0
30/4/73
36.8
4/5 /73
34.0
4/5 /73
30.6
5/5/73
29.5
6/5 /73
29.1
7/5/73
35.6
7/5/73
29.3
6/5/73
34.6
9 /5/73
27.2
10/5/73
29.7
10/5/73
36.5
11/5/73 
31.4
12/5/73
40.3
12/5/73
38.9
Date/Ve Iqht (kq) 
4 /5/73 48.6 38.6 .
11/5/73 51.4 45.9 40.5 34.5 32.7 31.8 35.9 29.1 33.6 28.2 31.8 36.8 33.2
18/5/73 57.7 49.1 43.6 36.4 36.8 35.5 36.4 32.7 35.0 32.7 35.0 40.0 33.6 43.6 41.8
25/5/73 61.8 48.2 47.7 37.3 40.0 37.7 39.5 35.0 37.3 35.5 36.4 41.8 35.5 42.7 43.2
1 /6/73 63.2 52.3 52.7 40.9 45.0 39.5 46.8 40.0 42.3 37.3 38.6 44.5 38.2 45.5 43.2
8/6/73 67.3 57.7 57.7 44.1 44.1 40.0 49.1 . 38.6 43.2 43.6 37.3 43.2 40.0 45.9 45.0
15/6/73* 75.9* 65.9* 61.4* 47.7* 52.3* 48.6* 55.9* 49.1* 50.9* 46.4* 45.0* 51.8* 42.7* 5 4 . r 54.1*
22/6/73 82.7 72.3 65.5 52.7 58.6 51.4 60.5 51.8 55.5 50.9 49.1 57.3 45.9 59.5 56.9
29/6/73 85.0 79.5 70.5 56.8 62.3 54.5 65.9 53.6 59.5 54.1 55.0 62.7 47.3 64.5 59.5
6/7 /73 92.3 86.4 74.1 61.8 69.5 59.5 70.5 58.6 65.5 58.2 58.6 68.6 50.5 70.9 64.5
13/7/73 98.2 90.9 80.0 67.3 76.8 65.9 76.8 63.2 69.5 63.6 61.8 72.3 57.3 74.5 70.0
20/7/73 107.3 95.5 85.0 73.2 81.8 70.5 81.8 68.2 75.5 69.1 69.1 77.7 55.9 80.9 75.0
27/7/73 119.1 103.6 90.9 80.5 80.9 75.0 90.0 76.4 83.6 77.3 76.4 86.4 60.0 89.5 84.1
3/8/73 125.5 108.2 97.3 88.2 98.2 78.6 94.5 81.8 88.2 82.3 80.9 94.1 66.4 95.9 90.0
10/8/73 133.2 114.5 102.7 93.6 103.6 84.1 101.4 90.9 94.5 90.0 85.9 100.0 72.3 103.2 97.3
W t.at 28 days 62.2 50.4 53.1 40.8 45.0 39.9 50.7 39.2- 41.9 42.7 37.3 43.1 41.3 48.1 47.7
W t.at weanlnq 75.9 65.9 61.4 56.8 52.3 48.6 55.9 49.1 ' 50.9 46.4 45.0 51.6 42.7 54.1 54.1
LWG b irth  to 
weanlnq 33.9 29,1 27.3 17.0 22.8 19.4 20,2 19.9 16.2 19.2 15.2 15.2 11.3 13.8 15.2
Days on rollk 48 46 42 42 41 40 39 39 38 37 36 36 35 34 34
Dally LWG-kq/day 
B irth  to weanlnq 0.71 0.63 0.65 0.40 0.56 0.49 0.52 0.51 0.43 0.52 0.42 0.42 0.32 0.41 0.45
W t.at 12 wks. 107.3 99.0 90.9 80.5 81.8 75.9 91.4 78.6 86.6 80.9 80.5 93.2 66.4 95.5 90.9
*  A ll calves weaned 15/6/73
Calf Ho. 137 138 139 140 141 142 143 144 145 146 147 148 149 ISO 151
Date o f B irth 26/6/73 26/6/73 1/7/73 2/7 /73 7/7/73 8 /7 /7 3  10/7/73 11/7/73 15/7/73 15/7/73 15/7/73 21/7/73 22/7/73 25/7/73 26/7/;
Birth Welqht (kq) 35.4 42.7 34.2 32.7 32.5 30.0 37.0 27.0 28.8 35.5 36.6 32.3 31.8 33.2 28.4
Date/Weloht (kq) 
29/6/73 36.6 47.3
6/7/73 41.8 50.9 38.2 34.5 - - - - - - - - - -
13/7/73 41.4 51.4 39.1 35.5 38.2 36.4 39.5 28.6 - - - - - - -
20/3/73 45.0 54.5 40.9 39.1 37.3 38.6 40.0 30.0 31.8 35.5 39.1 - - • - -
27/7/73 48.6 57.7 44.5 45.0 43.2 40.5 40.5 32.7 31.4 36.8 43.6 33.2 34.1 34.5 30.5
3/8/73 58.6 59.5 51.4 48.2 49.5 44.5 42.3 35.5 35.9 40.5 46.8 32.7 34.1 34.5 30.0
10/8/73 60.9 62.7 56.8 53.2 53.6 47.3 45.5 40.0 37.7 44.5 50.9 34.1 35.4 32.7 28.2
17/8/73 67.7* 64.1* 59.1* 58.6* 55.9 50.5 49.5 39.1 42.7 53.2 55.0 38.2 40.0 37.3 29.1
24/8/73 75.9 72.3 68.2 63.2 62.7* 55.9* 55.5* 43.2* 50.0 55.5 65.0 45.9 45.0 44.5 25.9
31/8/73 83.2 78.2 73.6 65.0 66.8 60.0 60.0 47.3 56.8* 57.3* 69.1* 45.9 50.5 46.4 27.3
7/9/73 91.4 80.9 81.4 69.5 71.4 65.9 , 65.5 50.9 56.4 65.0 74.5 50.9* 56.4* 53.6* Died
14/9/73 97.7 84.5 87.3 75.9 75.9 66.8 72.7 54.5 60.5 70.5 81.8 55.9 62.3 55.9 -
21/9/73 105.9 87.7 95.5 81.4 79.5 63.6 77.3 58.6 63.6 75.5 87.7 60.5 67.3 59.1 -
28/8/73 114.5 92.3 102.3 87.7 84.5 66.8 86.4 62,7 67.3 80.9 95.5 65.0 73.2 60.9 -
W t.at 28 days 47.0 56.3 47.3 46.8 51.2 45.8 45.0 39.9 39.0 49.6 53.2 43.7 42.7 4ft.5 26.4
Wt.at weanlnq 67.7 64.1 59.1 58.6 62.7 55.9 55.5 43.2 56.8 57.3 69.1 52.3 56.4 53.6 Died
LWG b irth  to 
weanlnq 32.3 21.4 24.9 25.9 30.2 25.9 18.5 16.2 28.0 21.8 32.5 20.0 24.6 20.4
Days on m ilk 52 52 47 46 48 47 45 44 49 47 47 50 49 46 -
Dally LWG-kq/day 
B irth to  weanlnq 0.62 0.41 0.53 0.56 0.63 0.55 0.41 0.37 0.57 0.46 0.69 0.40 0.50 0.44
W t.at 12 wks. 102.7 84.5 96.4 83.2 85.5 80.5 86.4 65.9 78.2 87.7 103.6 75.0 85.5 72.7 -
*  Each c a lf  weaned when approximately 7 weeks old
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APPENDIX k C a l f  77
S e r u m  ( m g / m l ) T e a r s  ( m g / m l )
i g G , I g A i g K 1 gG^ I g A I g M
P r e - c o l o s t r u m 0 0 0 0 0 0 0
2 h o u r s  * 3 . 7 0 0.11 0 . 4 1 0 0 . 4 8 0 0.028 0
4 II * 4 . 3 2 0 . 8 4 2.16 0.72 0 0 . 0 4 4 0
8 II Yf 3 0 . 6 9 0 . 9 9 5.58 1.18 0.190 0.028 0
12 II * NO ND ND ND ND ND ND
16 11 Yf 3 1 . 4 4 0 . 9 9 4.72 1 . 8 4 0 . 4 2 8 0 . 0 4 4 0
20 3 1 . 8 0 0.92 4 . 4 2 0.951 0.266 0.028 0
2 4 11 Y- 3 6 . 0 0 . 9 7 4.72 1.12 0.552 0.060 0
2 d a y s 3 1 .2 0 .94 5.28 1.06 0.352 0.060 0
4 II 3 2 . 4 0 .89 2.80 0 . 8 3 0 . 4 4 0 . 0 4 4 0
6 II 27.36 1 , 2 4 1 . 5 2 0.58 0.530 0 . 0 2 8 0
8 27.36 1 .08 1 . 1 2 0 . 6 2 0 . 4 8 8 0.030 0
1 0 II 3 0 . 5 0 1 . 1 2 1 . 0 0 0 . 3 9 . 0 . 4 6 8 0.090 0.068
1 2 II 27.80 0 . 9 7 0.91 0 . 3 5 0.372 0.478 0.300
1 4 II 27.90 1 . 0 2 0 , 1 0 0 . 3 3 0.352 0 . 9 0 0 0.254
1 6 II 2 0 . 8 8 0.94 0 . 1 2 0.29 0.352 0.832 0 . 1 1 8
1 8 11 2 3 . 0 4 0.94 0.08 0 . 2 5 0.292 0 . 6 1 0 0 . 0 4 8
2 0 II 2 4 . 1 * 5 1 . 2 6 0 . 1 4 0.27 0.300 0 . 5 0 0 o . o l o
2 2 2 1 . 4 2 1 . 0 9 0.08 0 . 1 9 0.266 0 . 4 2 0 0.032
2 4 It N D ND ' N D ■ ND 0 . 2 6 6 0 . 8 4 0 0 . 1 8 4
2 6 II 1 4 . 6 0 0.52 0 . 1 4 0 . 1 8 0.532 0 . 6 1 0 0 . 0 8 4
2 8 II 1 4 . 8 8 0 . 5 6 0 . 1 4 0 . 1 9 0.196 0 . 6 1 0 0,072
3 0 It ND ND ND ND ND ND ND
3 2 II 19.15 0 . 4 0 0 . 1 0 0 . 1 0 0.132 0 . 7 0 0 0 . 0 4 6
3 4 II 15.30 0.78 0 . 1 4 0 . 3 0 0.132 0 . 6 1 0 0 . 0 4 6
3 6 II 1 2 . 4 5 0.85 0 . 1 9 0.27 0.312 0 . 8 2 0 0.082
3 8 13.00 1 . 0 3 0 . 1 4 0.25 0 . 2 4 0 1 . 0 4 0 0 . 2 2 0
4 0 II 1 6 . 2 0 0 . 7 8 0 . 1 4 0 . 4 2 0.258 1 . 2 4 0 0 . 2 4 8
4 2 II 1 6 . 2 0 0 . 8 8 0.25 0 . 1 9 0 . 1 4 2 0.700 0.082
4 9 II 1 6 . 2 0 0 . 9 1 0.23 0.45 0.132 1 . 2 4 0 0.082
5 6 II 13.10 1 .49 0.34 0.38 0 . 2 1 0 1 . 2 4 0 0.072
6 3 II 1 3 . 1 0 1 . 0 4 0.25 0.17 0 . 1 1 8 1 . 7 0 0 . 0 5 6
7 0 II 1 4 . 6 0 1 . 4 0.25 0.49 0 . 1 1 8 1 . 2 4 0 0.023
P o s t - c o l o s t r u m .
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APPENDIX 4 C a l f  79
Serum (mg/ml) Tears (mg/ml)
IgG; I 90% 1 gA IgM igG, 1 gA IgM
Pre-co lostrum 0 .9 0 0 .0 2 6 0 .056 0 .4 8 0 .0 28 0 0
2 hours * ND ND ND ND ND ND ND
4 II Yv ND ND ND ND 0.156 0 .032 0
8 II Yf 14.10 0 .2 9 1 .36 0 .8 9 0 .2 0 8 0 .0 48 0
12 11 Yc 14.6 0 .2 5 1.36 1.12 0 .22 0 0.032 0
16 11 Yf 14.6 0 .3 0 1.12 0 .83 0 .248 0.032 0
20 11 Yf 13 .6 0 .2 7 0 .4 4 0 .68 0 .1 56 0 .0 1 0 0
24 II Yf 12.55 0 .2 4 0 .7 8 0 .8 7 0 .2 9 4 0.032 0
2 days 12 .4 0 .2 8 0 .5 4 0 .82 0 .1 9 6 0 .0 32 0
4 11 13.10 0 .2 7 0 .3 0 0.81 0 .196 0 0
6 11 14.4 0.11 0 0 .39 0 .280 0 0 .100
8 11 11.3 0 .1 6 0 0 .3 6 0 .2 36 0 0 .3 5 8
10 II 10.2 1.11 0 0 .2 0 0 .2 3 6 0 0 .2 2 0
12 II 9 .3 5 0 .1 8 0 0 .3 0 0 .1 8 0 0 0 .2 2 0
14 11 9 .3 5 0.21 0 0 .2 8 0 .260 0 .390 0 .22 0
16 It 10.00 0 .2 3 0 0 .3 6 0 .2 20 0 .490 0 .32 8
18 11 10.70 0 .2 4 0 0 .4 5 0 .2 92 0 .390 0.152
20 11 10.70 0 .2 9 0 0 .4 8 0 .2 40 0 .4 90 0.152
22 It 10.20 0 .3 8 0 0 .2 5 0 .2 4 8 0 .435 0 .1 52
24 11 9 .80 0 .4 6 0 .062 ' 0 .2 5 0 .248 0 .3 90 0 .104
26 11 10 .70 0 .4 0 0 .062 0 .2 5 0 .122 0 .300 0 . 066
28 11 11.65 0 .5 9 0 .0 4 8 0 .1 8 0 .224 1 .29 0 .1 72
30 II ' 10.70 0 .3 7 0 .082 0 .1 8 0 .2 4 8 1 .29 0 .1 0 4
32 II 11.70. 0 .4 5 0 .082 0.21 0 .24 8 1.95 0 .1 1 6
34 If 12.25 0 .1 5 •0.062 0 .3 5 0 .050 0 .8 4 0 .0 2 8
36 11 11.70 0 .5 6 0 .082 0.22 0 .172 1 .29 0 .02 8
38 11 13.35 0 .7 6 0 .082 0 .2 0 0 .3 0 8 1 .16 0 .0 6 6
40 II 12 .9 0.81 0 .102 0 .1 8 0 .152 1 .60 0 .0 6 6
42 It 13.35 0 .9 4 0 .082 0 .32 0 .284 0 .9 0 0 .1 0 4
49 II ND ND ND ND ND ND ND
56 II 15.00 0.61 0 .0 82 0 .2 8 0 .192 1 .04 0 .072
63 11 16,6o 0 .6 9 0 .1 02 0 .30 ND ND ND
70 II 14.55 0.81 0 .102 0.33 0 .2 2 4 1 .28 0 .092
P o s t - c o l o s t r u m .
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APPENDIX k C a l f  80
Serum 'mg/ml ) Tears (mg/ml )
igG, 1 982 IgA • IgM IgG, 1 gA I gM
Pre-co lostrum 0 0 0 0 0 0 0
2 hours ND ND ND ND ND ND ND
4 " 12.25 0 .4 4 1.43 0 .7 6 0.002 0 0
8 " * 2 5 .2 5 0 .9 4 2.71 2 .10 0.0 82 0 0
12 " * 2 2 .92 1.1 3 .2 8 1,45 0 .1 1 6 0 0
16 " Yf 22.10 1.2 3 .5 5 2 .00 0 .1 5 6 0 0
20 " Yf 29.40 1 .37 3 .3 6 1.89 0 .2 02 0 0
24 '» Yf 2 4 .9 6 1 .27 3 .5 4 1.45 0 .2 3 6 0 0
2 days 29 .40 1.22 1.91 1.45 0 .218 0 .040 0
4 *• 2 9 .2 8 1 .19 0 .672 1.45 0 .7 2 8 0.132 0
6 " 29 .50 1 .0 4 0 .1 8 4 1.65 0 .2 6 0 0 .57 6 0
8 " 24 .70 1 .05 0 .0 7 8 0 .9 8 0,202 0 0 .0 28
10 " 2 3 .6 0 0 .9 9 0 .14 0 1 .00 0 .1 4 8 0 0 .1 4 0
12 " 2 2 .2 0 0 .95 0 .062 0.70 0 .5 4 0 0 .2 96 0 .5 9 4
14 " 21 .50 0.71 0 .0 7 8 0 .4 6 0 .2 4 8 0 .310 0 .6 7 8
16 " 21 .5 0 0.71 0 .0 7 8 0 .4 4 0 .2 3 6 0.480 0 .392
18 " ND ND ND ND 0 .2 6 0 0 .6 2 0 0.265
20 " 19.50 0 .7 4 0 .0 62 0 .35 0 .2 3 6 0.543 0 .190
22 " 2 0 .80 0 .6 9 0 .0 7 8 0 .3 5 0.152 0 .4 20 0 .1 5 6
24 " ND ND ND ND ND ND ND
26 " 18.90 0 .92 0 .0 5 8 0 .3 7 0 .2 1 4 0.7 80 0 .1 8 0
28 " 18.90 1 .02 o.o4o 0 .37 0 .1 1 6 0 .840 0 .1 40
30 " 18.90 0 .9 9 0 .0 7 8 0 .3 9 0 ,1 22 0 .0 6 0 .0 92
32 “ 2 6 .5 0 0 .6 7 0 .180 0.62 0 .172 1.48 0 .1 58
34 " 18.25 0 ,75 0 .0 8 7 0 .4 6 0 .1 7 6 1.70 0 .1 58
36 " 18.25 0 .9 9 0 .078 0 .5 4 0 .1 52 1.55 0 .1 2 4
38 " 15.75 0 .7 5 0 .0 7 8 0 .4 9 0.152 1.83 0 .1 4 0
40 " 18.90 1.20 0 .0 58 0 .5 7 0.132 1.43 0 .0 6 6
42 18.90 1.18 0 .0 7 8 0 .5 9 0 .1 0 4 1.05 0 .0 6 6
49 " 15.20 1.12 0 .0 7 8 0.51 0.1 04 2 ,12 0 .102
56 " 13.65 1.12 0 .0 7 8 0 .5 9 ND ND ND
63 " 14.00 1.24 0 .0 78 0 .68 0 .1 20 1 .69 0 .0 1 8
70 15.50 1.40 0 .0 9 8 0 .7 6 0 .0 8 0 2 .72 0 .0 26
P o s t - c o l o s t r u m ,
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APPENDIX k C a l f  83
Serum (mg/ml) Tears (mg/ml)
IgG, ' 9G2 IgA' IgM - IgG, 1 gA 1 gM
Pre-co lostrum 0 0 0 0 0 0 0
2 hours * 12.14 1 .16 0.51 1 .14 ND ND ND
4 II Yf 2 5 .2 0 1 .20 3 .36 1.11 0 .17 6 0 0
8 II Yf 39.00 1.09 6 .3 0 1 .14 0 .312 0 0
12 II Yf 4 2 .0 0 0 .8 8 6 ,3 0 1 .14 0 .312 0 0
16 4 2 .0 0 1 .20 6 .9 0 1 .28 0 .222 0 0
20 11 Yf 50 .40 1 .23 6 .9 0 1.31 0 .336 0 0
24 II Yf 39 .60 1 .20 7.20 1 .2 4 0 .2 8 8 0 0
2 days 4 1 .5 0 1.10 6 .30 1.2 0 .780 0 0
4 II 39.60 1 .09 3 .00 1 .04 0 .252 0 0
6 II 34 .80 0 .9 4 2 .4 5 0 .9 8 0.400 0 0
8 It 34 .80 0 .9 4 2 .0 0 0 .92 0 .400 0 0
10 11 31 .2 0 0.91 0 .9 6 0 .8 6 0 .760 0 0
12 II ND ND ND ND 0.900 0 .1 0 0 .3 42
14 II 30.30 0 .7 4 0 .5 4 0 .9 8 0 .6 60 0 .52 0 .3 6 8
16 II 3 3 .50 0 .7 7 0 .42 0 .9 8 0 .8 9 8 2 .3 0 0 .5 3 0
18 ND ND ND ND ND ND NO
20 II 30 .3 0 0 .3 6 0.31 0 .80 0 .4 7 9 1 .84 0 .2 96
22 1 r ' 30 .30 0 .7 4 0 .2 9 0 .8 6 0 .528 2 .5 9 0 .3 28
24 11 30 ,30 0 .7 4 0 .2 8 1.08 0 .2 10 1 .24 0 .1 30
26 II 30 .00 0 .8 6 0 .3 6 0 .40 0 .440 2 .0 4 0 .1 5 6
28 11 2 9 .4 5 0 .8 6 0 .5 6 0 .6 4 0 .4 26 3.61 0 .15 6
30 30.00 0 .8 4 0 .56 0 .6 7 0 .1 8 4 3 .3 6 0 .092
32 II 26 .50 0.81 0 .20 , 0 .3 9 0 .2 7 6 3 .30 0 .192
34 II 27 0 . 8 9 0 .2 8 0 .4 9 0 .51 6 6 .6 8 0 .3 3 4
36 II 2 6 .5 1 .00 0 .3 4 0 .4 9 0 .5 8 4 7 .40 0 .3 3 4
38 II 2 5 .95 1 .1 4 0 .3 4 0 .4 6 0 .340 7.20 0 .2 0 4
40 II 2 5 .9 5 1 .16 0 .3 4 0 .45 0 .2 7 6 6 .60 0 .2 16
42 II 2 5 .6 5 1 .08 0 .28 0 .4 6 0 .2 8 8 2 .4 4 0 .10 0
49 18.5 1 .25 0 .2 8 0 .55 0 .2 20 4 .8 0 0 .1 0 8
56 II 13 .8 1 .10 0 .3 4 0 .5 0 0 .2 40 4 .80 0 .040
63 II 16.55 2 ,2 2 0 .3 4 0 .6 4 0 .1 36 4 .9 0 0 .0 2 0
70 II ND ND ND ND ND ND
P o s t - c o l o s t r u m .
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APPENDIX 4 C a l f  85
Serum (mg/ml) Tears (mg/ml)
IgG, igG2 IgA IgM IgG, IgA IgM
Pre-colostrum 0 0 0 0 0 0 0
2 hours * ND ND ND ND ND ND 0
4 I I  Yf 2 5 .9 5 0 .43 1 .62 2 .0 6 0 .2 6 4 0 0
8 I I  Yf 32.50 0.71 3 .0 0 2 .9 6 0.332 0 0
12 11 Yf 32 .25 0.71 2 .6 4 3 .60 0 .33 8 0 0
16 11 Yf 40 .00 0 .7 9 2 .0 8 3.70 0 ,3 1 4 0 0
20 I I  Yf ND ND ND ND ND ND ND
24 11 Yf 38 .75 ,0.72 2.81 3 .53 0 .6 1 8 0 0
2 days 28 .0 0 0.71 2 .2 8 3 .40 0 .300 0 0
4 1 1 30.00 0.61 0.91 2 .2 9 0 ,442 0 0
6 I I 30.00 0 .5 6 0 .4 0 2 .42 0 .228 0 0
8 I ( ND 0.62 0 .40 1 .20 0 .3 6 8 0.012 0 .0 3 6
10 27.10 0 .6 8 0 .312 0 .82 0.532 0.112 0 .182
12 I t 27 .1 0 0.51 0 .2 4 8 0 .7 8 0 .4 2 4 0.400 0 .4 6 4
14 I I 2 2 .4 0 0 .4 0 0 .1 9 8 0 .66 0 .202 0 .680 0 .3 30
16 I I 2 1 .0 0 0 .3 8 0 .1 9 8 0 .57 0 .3 68 0 .8 0 6 0 .1 9 4
18 11 21 .00 0 .4 0 0 .1 9 8 0 .53 0 .218 1.05 0 .0 80
20 I I 11.00 0 .2 2 0 .0 9 8 0 .5 2 0 ,470 4 .32 0 .272
22 I I 21 .65 0 .3 9 0 .1 2 4 0 .53 0 .2 6 0 3 .4 5 0 .0 80
24 I I 19.75 0 .40 0 .0 9 8 ' 0 .4 8 0 .260 1.28 0 .0 6 0
26 I I 20 .2 5 0 .42 0.081 0.42 0 .2 4 6 1 .64 0 .0 4 6
28 I I 21 .00 0 .42 0 .1 3 4 0 .42 0 ,2 06 2 .32 0 .0 7 0
30 19.30 0 .4 4 0 .0 76 0.276 0 .2 20 2 .70 0
32 I I 18.50 0 .5 0 0 .080 0 .3 6 0 .3 4 6 4 .6 4 0
34 I I 19.30 0 .5 9 ■ 0 .080 0 .3 9 0 .3 7 6 2 .9 4 0 .132
36 I I 18.50 0.51 0 .080 0 .3 9 0 .0 80 1.68 0 .0 8 0
38 I I ND ND ND ND 0 .0 9 4 2 .1 0 0 .1 20
40 I I 16.6o 0 .6 2 0 .100 0.41 0 ,2 8 0 2 .2 0 0 .1 0 8
42 I I 14.80 0 .4 4 0 .0 7 6 0 .3 9 0.1 70 3 .25 0 .1 2 0
49 I I 15.50 0 .7 4 0 .1 30 0 .4 7 0 .180 3 .7 4 0 .042
56 I I 14.80 1.02 0 .1 7 6 0 .3 5 ND ND ND
63 I I 16.00 1.22 0 .302 0 .5 8 0 .1 3 6 4.31 0 .040
70 I I 14.80 1 .48 0 .4 2 4 0 .5 8 0 .1 5 8 3 .20 0 .0 40
P o s t - c o l o s t r u m .
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APPENDIX 4 C a l f  93
Serum (mg/m.l) Tears (mg/ml)
IgG, igG^ 1 gA ■ IgM IgG, 1 gA IgM
Pre-co lostrum 0 .0 9 8 0 .010 0 0 .1 5 6 0 0 0
2 hours * ND ND ND ND ND ND ND
4 II -V 19 .75 0 .4 2 1 .43 2 .3 4 0 0 0
8 1 ) Yf 20 .02 0 .5 0 1 .91 2 .6 0 0 .0 6 8 0 0
12 It * 20 .25 0 .5 0 1 .69 2 .3 4 0 .2 08 0 0
16 II Yf 19.30 0 .5 9 1 .69 2 .3 4 0 .3 8 8 0 0
20 11 Yf 19 .30 0 .30 1.63 2 .3 4 0 .208 0 0
24 II -V 18.50 0 .4 2 1 .55 2 .5 5 0 .3 88 0 0
2 days 16.00 0 .4 2 1 .17 2 .00 0 .0 9 6 0 0
4 II 15.50 0 ,5 9 0 .3 25 1.45 0 .1 2 4 0 0
6 II 13 .75 0 .4 0 0 .260 1.13 0 .104 0 0
8 11 11.80 0 .3 3 0 .12 4 0 .6 4 0 .1 64 0 0
10 11 11.80 0 .22 0 .1 8 4 0 .5 7 0 .2 6 8 0 .024 0 .1 98
12 II 11.30 0 .3 6 0 .0 8 4 0 .52 0 .1 0 4 0 .052 0 .198
14 11 18.40 0 .1 7 0 .0 8 0 0 .4 6 0 .104 0 .1 8 4 0 .412
16 11 10.90 0 . 2 4 0 .07 6 0 .4 4 0 .18 6 1.12 0 .2 4 4
18 11 13.60 0 .1 6 0 .05 6 0 .3 7 0 .2 0 8 1 .34 0 .0 6 4
20 11 8 .9 0 0 .1 2 0.160 0 .3 7 0 .1 6 4 1 .45 0 .09 4
22 11 9 .85 0 .2 0 0 .060 0 .3 8 0 .1 0 4 1.12 0 .0 9 4
24 11 9 .8 5 0 .22 0 .0 84 0 .4 9 0 .080 1 .02 0
26 11 9 .8 5 0 .2 0 0 .0 76 0 .4 7 0 .128 3 .6 4 0 .198
28 11 8 ,0 0 0 .3 0 0 .0 8 4 0 .52 0 .2 8 8 4 .8 3 0 .270
30 11 10.90 0 .4 0 0 .1 2 4 0 .52 0 .176 4 .4 8 0 .182
32 It 10.25 0 .4 4 0 .216 0 .5 2 0 .1 1 4 3 .8 0 0 .16 0
34 It ND ND ND ND 0.142 5.20 0 .1 4 8
36 11 ND ND ND . ND 0 .1 12 4 .8 3 0 .122
38 11 ND ND ND ND 0 .152 5 .5 6 0 .140
40 11 12.35 0 .5 2 0 .142 0 .49 0 .0 8 0 4 .6 8 0 .13 0
42 II 12.35 0 .5 7 0 .142 0 .4 9 0 .0 8 8 5 .38 0 .1 4 0
49 11 12.05 0 .7 5 0 .176 0 .47 0 .132 5 .20 0 .1 5 6
56 II 13.05 0 .9 5 0 .41 0 0 .52 0 .1 7 6 5 .78 0 .1 66
63 11 15.50 1 .14 0 .4 6 4 0 .7 9 0 .132 4 .9 2 0 .1 4 0
70 II 13.05 1 .42 0 .410 0 .7 0 0 .152 4 .6 8 0 .150
P o s t - c o l o s t r u m .
2 8 6
APPENDIX 4 C a l f  98
Serum (mg/ml) Tears (mg/ml )
IgG, I 9G2 1 gA 1 gM IgG, 1 gA IgM
P re-co lostrum 0 .0 8 0 0 0 0 0 0
2 hours * ND ND ND ND ND ND ND
4 M * 19.25 0 .4 6 1 .28 1 .90 0 .0 16 0 0
8 " * 30 .12 0 .6 7 1 .85 1.98 0 .0 7 4 0 0
12 " * 2 8 .4 4 0 .6 7 1 .85 3 .06 0 .0 96 0 0
16 " * 2 1 .9 6 0 . 7 4 1.63 3.61 0 .102 0 0
20 “ * 21 .96 0 .6 9 1.79 2 .3 6 0 .3 90 0 .0 40 0 .0 1 0
24 " * 2 1 .9 6 0 .6 9 1 .79 1.90 0 .1 96 0 0
2 days 22.80 0 .5 8 0 .9 2 0 1 .09 0 .1 8 4 0 0
4 " 23 .00 0 .4 7 0 .37 0 0 .8 5 0 .3 0 8 0 .0 4 4 0 .002
6 " 19 .85 0 .5 4 0 .2 1 0 0 .7 4 0 .1 96 0 .0 4 4 0 .0 0 8
8 " 18.70 0 .4 9 0 .1 3 4 0 .5 4 0 .076 0 . 044 0 .0 0 8
10 " 13.90 0 . 3 9 0 .08 8 0.43 0 .1 8 4 0 .060 0 .0 9 4
12 *• ND ND ND ND ND ND ND
14 " 14.50 0 .4 6 0 .096 0 .32 0 .252 0 .4 00 0 .1 86
16 " 13.40 0 .4 6 0 .1 10 0 .28 0 .1 5 6 0 .282 0.060
18 " 9 .9 0 0 .3 3 0 .110 0 .2 4 0 .1 6 8 0 .380 0 .0 6 0
20 " 12.30 0 .4 7 0 .0 9 6 0 .3 7 0.252 0 .5 8 8 0 .1 3 8
22 " 11 .30 0 .5 0 0.1 10 0 ,3 7 0 .1 8 4 0 .680 0.122
24 " 11 .30 0 .6 4 ‘0 .1 1 0 0 .3 7 0 .3 56 1.62 0 .2 2 8
26 " ND ND ND ND ND ND ND
28 " 10.75 0 .6 4 0 .0 9 6 0 .3 7 0 .212 0 .995 0 .322
30 8 .9 0 0.71 0 .110 0 .45 0 .1 96 1.33 0 .3 9 8
32 " 9 .9 0 0 .6 7 0 .1 3 4 0.41 0 .252 1.62 0 .2 6 6
34 '* 11.80 0 .82 0 .134 0 .2 8 0 .4 0 6 3 .40 0 .242
36 " 12.90 0 .7 4 0.110 0 .30 0 .212 3 .57 0 .1 0 8
38 " 9 .9 0 0 . 7 4 0 .110 0 .45 0 .3 08 3 .4 0 0 .1 7 0
40 " 9 .8 5 0 .6 7 0 .0 9 6 0 .2 8 0 .3 0 8 2 .3 5 0 .1 2 7
42 " ND ND NO ND ND ND ND
49 " 12 .30 0 .7 4 0 .110 0.41 0 .4 2 0 5 .8 6 0 .1 8 8
56 " 13.05 2 .3 4 0 .1 1 0 0 .5 9 0.212 4 .1 8 0 .0 9 4
63 " 12.30 2 .3 4 0 .1 4 6 0 .6 4 0.172 2 .1 0 0 .0 4 6
70 " 13 .05 5 .40 0 .1 8 4 0 .6 8 0 .1 5 8 2 .52 0 .073
P o s t - c o l o s t r u m .
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APPENDIX k C a l f  106
Serum (mg/ml ) Tears (mg/ml)
IgG, 1 gGg IgA ' IgM 1 gG, 1 gA IgM
P re-co lostrum 0 .0 4 8 0 .02 0 0 .13 8 0 0 0
2 hours * ND ND ND ' ND ND ND ND
4 II Yf 15.00 0 .3 6 1 .03 2 .4 4 0 .112 0 0
8 II Yf 22.80 0.51 1 .36 3 .85 0 .1 0 8 0 0
12 II Yf 30 .84 0.61 2 .9 4 3.51 0 .20 0 0 0
16 11 Yf 30.12 0 .6 2 2 .9 4 3 .36 0 .2 6 8 0 0
20 II 37 .68 0 .5 4 2 .8 0 3.10 0 .3 02 0 0
24 34.80 0 .5 9 1.32 3 .10 0 .670 0 0 .0 4 4
2 days 28 .38 0 .5 6 1 .29 2 .8 6 0 .3 36 0 .030 0 .0 4 4
4 II 25 .25 0 .3 8 0 .8 92 2 .5 8 0 .7 2 0 0 .1 06 0 .1 04
6 II 2 2 .40 0 .3 8 0 .492 1.96 0 .2 60 0.062 0 .0 6 6
8 II 25 .25 0.41 0 .3 10 1.96 0 .1 82 0 .0 2 4 0 .063
10 II 24 .3 5 0 .4 8 0 .200 1.84 0 .2 2 8 0 .0 24 0 .0 92
12 II ND ND ND ND ND ND ND
14 II 23 .0 5 0.41 0 .1 7 6 1.38 0.762 0 .062 0 .1 1 5
16 II 22 .40 0 .43 0 .112 1.06 0 .9 3 8 0.132 0 ,2 4 9
18 11 19.38 0.3& 0.060 0 .60 0 .742 0 .552 0 .095
20 II 18.36 0 .6 4 0 .082 0.52 0 .6 2 4 0 .310 0 .0 9 7
22 II ND ND ND ND 0.422 0 .472 0 .0 8 7
24 II 19.00 0 .7 2 0 .112 0.52 0 .390 1.116 0 .1 8 5
26 II ND ND ND ND 0 .2 2 8 1.720 0 .1 2 8
28 II 19.85 0 .9 0 0 .140 0 .90 0 .32 0 2 .75 0 .193
30 11 ND ND ND ND 0 .4 0 8 3 .3 4 0 .2 2 8
32 II 17.40 0 .8 4 0 .1 40 0 .7 4 0 .3 5 4 3 .9 0 .2 8 5
34 II 17.40 1 .36 0 .1 62 1.26 0 .2 8 8 4 .2 5 0 .2 7 6
36 II 16.80 1 .26 0 .162 O'. 98 0 .2 1 4 2 .8 4 0 .15 0
38 II 16.80 1 .6 4 0 .2 60 0 .98 0 .2 2 8 3 .10 0 .13 5
40 II ND ND ND ND ND ND
42 II 16.20 1 .44 0 .062 0 .9 0 0 .200 1 ,66 0 .1 26
49 II 16.20 2 .2 8 0 .162 1.07 0 .2 00 2 .7 5 0 .112
56 II 15.00 2 .0 0 0 .2 2 4 1 .04 0 .160 2 ,03 0 .1 2 4
63 13.40 2 .7 6 0 .2 8 8 1 .09 0 .3 2 0 4 .2 7 0 .42 7
70 II ND ND ND ND ND ND ND
P o s t - c o l o s t r u m .
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APPENDIX 4 C a l f  20 4
Serum (mg/ml) Tears (mg/ml)
IgG, igG^ IgA IgM IgG, 1 gA 1 gM
Pre-co lostrum 1.0 0 .0 2 4 0 .060 0 .048 0 0 0
2 hours * 14.50 0 .1 2 0 .3 00 0 .200 0 0 0
4 11 Yf 20.65 0 .3 7 0 .6 9 0 0 .70 0 0 0
8 II Yf 2 8 .1 5 0 .70 1.46 1 .47 0 .072 0 0
12 11 Yf 31 .31 0 .7 4 1.82 1.80 0 .1 5 6 0 0
16 11 Yf 34.83 0 .8 8 1.96 2 .30 0 .1 9 8 0 0
20 II Yf 35.70 0 .8 6 1.89 2.62 0 .190 0 0
24 11 Yf 36.00 1.21 1 .96 2 .20 0 .2 0 4 0 0
2 days 3 3 .9 6 0 .42 1.11 0 .94 0 .2 0 4 0 0
4 11 24 .8 8 0 .7 4 0 .5 60 0 .9 5 0 .1 2 8 0 0
6 II 29 .2 7 0 .62 0 .4 20 0 .4 8 0 ,120 0 0
8 11 30 .39 0 .6 6 0 .2 4 4 0 .52 0 .372 0 0
10 II 32 .64 0 .6 0 0 .1 5 4 0 .5 8 0 .3 0 8 0 0 .0 3 8
12 II 29 .47 0 .60 0.120 0 .6 5 0 .1 34 0 0 .0 9 4
14 II 28.21 0 .62 0.0 78 0 .4 8 0 .2 0 4 0.200 0 .0 9 4
16 II 22 .84 0 .66 0 .0 7 8 0.61 0 .2 6 6 0.530 0.1 02
18 11 20 .80 0.61 0 .078 0 .4 8 0 .082 0 .2 4 4 0 .0 38
20 II 2 2 .8 4 0 .6 6 0 .0 4 4 0 .4 4 0 .0 90 0 .42 0 .1 0 4
22 II 19.89 0 .62 0 .060 0 .3 9 0.062 0 .22 0.010
24 II 2 2 .8 4 0 .6 8 0 .0 4 4 0 .3 9 0 .072 0 .5 0 o.olo
26 II 20.80 0 .6 8 0 .0 60 0.41 0 .2 3 6 2 .3 7 0 .1 6 6
28 II 25 .50 0 .6 8 0 .060 0 .3 0 O.O90 0 .9 0 0 .0 4 8
30 11 2 2 .8 4 0 .6 8 0 .060 0 .3 9 0 .0 60 1.00 0 .010
32 II 19.38. 0 .7 2 0 .0 78 0 .3 9 0 .0 60 0 .9 0 0 .0 2 6
34 II 18,05 0 .7 4 0 .0 6 0 0 .4 9 0 .1 2 0 1.96 0.102
36 11 17.13 0.81 0 .0 78 0 .52 0 .1 7 4 1.34 0 .038
38 II 19.38 0 .7 4 0 .0 9 8 0 .5 7 0 .0 90 1.91 0 .1 0 2
40 li ND ND ND ND 0 .2 04 2 .6 5 0 .140
42 II 16.32 1.05 0 .0 98 0.60 0 .072 1.25 0 .0 2 8
49 11 16.21 0 .9 8 0 .118 0 .6 0 0 .082 2 .37 0 .120
56 11 16.21 1.30 0.1  80 0 .62 0 .120 2.51 0 .0 2 8
63 11 16.21 1 .38 0 .3 6 4 0 .6 3 O . I 6O 3 .8 9 0 .0 4 8
70 II ND ND NO ND ND ND ND
P o s t - c o l o s t r u m ,
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APPENDIX 4 C a l f  224
Serum 1[mg/ml) Tears (mg/ml )
IgG, ! gG^ IgA IgM IgG, IgA 1 gM
Pre-co lostrum 0.032 0.08 0 0 0 0 0
2 hours * 4.35 0.27 0.220 0.11 0 0 0
4 II v- 9.00 0.22 0.330 0.11 0.020 0 0
8 11 Yf 14.60 0.37 0.710 0.20 0.186 0 0
12 It Yf 19.60 0.69 0.800 0.30 0.156 0 0
16 ■ 11 Yf 19.60 0.52 0.620 0.46 0.142 0 0
20 11 Yf 24.20 0.48 0.670 0.43 0.232 0 0
24 11 Yf 23.00 0.55 0.840 0.30 0.328 0 0
2 days 18.48 0.44 0.330 0,20 0.166 0 0
4 11 18.48 0.39 0.150 0.25 0.114 0 0
6 11 15.72 0.36 0.084 0.25 0.156 0 0
8 11 14.50 0.33 0.032 0.56 0.378 0 o.olo
10 II ND ND ND ND 0.156 0 0.020
12 II 11.75 0.27 0.032 0.30 0.138 0.175 0.026
14 11 11.75 0.28 0.124 0.26 0.192 0.730 0.068
16 11 11.75 0.28 0.167 0.22 0.138 1.29 0.032
18 11 ND ND ND ND ND ND ND
20 11 11.20 0.70 0.130 0.27 0.176 4.34 0.058
22 It ' 11.20 0,57 0.106 0,35 0.164 3.22 o.olo
24 II 9.75 0.88 0.124 ’ 0.29 0.114 2.80 o.olo
26 11 10.65 1 .28 0.120 0.31 0.094 3.38 0.010
28 11 10.65 1.35 0.140 0.31 0.114 1 .73 0.014
30 II - 10.15 1 .42 0.132 0.35 0.068 2.40 0.026
32 II ND . ND ND . ND ND ND ND
34 II 10.65 1.60 0.-148 0.34 0.106 3.50 0.020
36 11 9.75 1.53 0.132 0.38 0.076 3.40 0.020
38 11 11.20 1.96 0.132 0.43 0.106 3.40 0.026
40 11 10.15 1.86 0.132 0.48 0.062 1.85 0.026
42 11 8.75 1.86 0.124 0.48 0.248 5.44 0.026
49 11 ND ND ND ND ND ND ND
56 II ND ND ND ND ND ND ND
63 11 ND ND ND . ND ND ND ND
70 II ND ND ND ND ND ND ND
P o s t - c o l o s t r u m .
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